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George J. Borjas and Kirk B. Doran	 ﾠ
	 ﾠ
I. Introduction 
Many	 ﾠeconomists	 ﾠbelieve	 ﾠthat	 ﾠknowledge	 ﾠproduction	 ﾠis	 ﾠcentral	 ﾠto	 ﾠlong-ﾭ‐term	 ﾠ
economic	 ﾠgrowth.	 ﾠNevertheless,	 ﾠit	 ﾠhas	 ﾠbeen	 ﾠdifficult	 ﾠto	 ﾠdocument	 ﾠthe	 ﾠfactors	 ﾠthat	 ﾠenter	 ﾠthe	 ﾠ
production	 ﾠfunction	 ﾠof	 ﾠknowledge.	 ﾠThe	 ﾠdifficulty	 ﾠarises	 ﾠfor	 ﾠmany	 ﾠreasons.	 ﾠFor	 ﾠexample,	 ﾠ
knowledge	 ﾠproduction	 ﾠis	 ﾠboth	 ﾠsocial	 ﾠand	 ﾠreciprocal	 ﾠ(Lucas	 ﾠ2009),	 ﾠin	 ﾠthat	 ﾠthe	 ﾠideas	 ﾠof	 ﾠone	 ﾠ
researcher	 ﾠinfluence	 ﾠand	 ﾠare,	 ﾠin	 ﾠturn,	 ﾠinfluenced	 ﾠby	 ﾠthe	 ﾠideas	 ﾠof	 ﾠothers. Similarly,	 ﾠbasic	 ﾠ
knowledge	 ﾠproduction	 ﾠcan	 ﾠbe	 ﾠdifficult	 ﾠto	 ﾠobserve	 ﾠand	 ﾠmeasure	 ﾠat	 ﾠthe	 ﾠindividual	 ﾠlevel,	 ﾠso	 ﾠ
that	 ﾠwe	 ﾠdo	 ﾠnot	 ﾠhave	 ﾠa	 ﾠwell-ﾭ‐developed	 ﾠset	 ﾠof	 ﾠfacts	 ﾠthat	 ﾠcan	 ﾠhelp	 ﾠguide	 ﾠour	 ﾠthinking	 ﾠon	 ﾠa	 ﾠ
theoretical	 ﾠframework.	 ﾠFinally,	 ﾠwe	 ﾠdo	 ﾠnot	 ﾠunderstand	 ﾠwhy	 ﾠknowledge	 ﾠin	 ﾠsome	 ﾠfields	 ﾠ
progresses	 ﾠat	 ﾠa	 ﾠremarkable	 ﾠrate	 ﾠin	 ﾠa	 ﾠshort-ﾭ‐lived	 ﾠburst,	 ﾠyet	 ﾠstagnates	 ﾠfor	 ﾠdecades	 ﾠin	 ﾠother	 ﾠ
areas.1	 ﾠ
Despite	 ﾠthese	 ﾠdifficulties,	 ﾠit	 ﾠis	 ﾠclear	 ﾠthat	 ﾠthere	 ﾠare	 ﾠcountless	 ﾠpossibilities	 ﾠfor	 ﾠ
spillovers	 ﾠwhen	 ﾠproducing	 ﾠknowledge:	 ﾠthe	 ﾠknowledge	 ﾠproduced	 ﾠby	 ﾠone	 ﾠresearcher	 ﾠis	 ﾠboth	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
*	 ﾠWe	 ﾠare	 ﾠgrateful	 ﾠto	 ﾠGraeme	 ﾠFairweather,	 ﾠPatrick	 ﾠIon,	 ﾠErol	 ﾠOzil,	 ﾠand	 ﾠNorm	 ﾠRichert	 ﾠfrom	 ﾠthe	 ﾠAmerican	 ﾠ
Mathematical	 ﾠSociety	 ﾠfor	 ﾠextensive	 ﾠcollaboration	 ﾠand	 ﾠsupport	 ﾠin	 ﾠpreparing	 ﾠthe	 ﾠdata.	 ﾠThis	 ﾠproject	 ﾠprofited	 ﾠ
from	 ﾠthe	 ﾠexcellent	 ﾠprogramming	 ﾠof	 ﾠAndrew	 ﾠStellman	 ﾠof	 ﾠStellman	 ﾠand	 ﾠGreene	 ﾠConsulting.	 ﾠWe	 ﾠhave	 ﾠbenefited	 ﾠ
from	 ﾠcomments	 ﾠmade	 ﾠby	 ﾠmany	 ﾠeconomists	 ﾠand	 ﾠmathematicians,	 ﾠincluding	 ﾠRan	 ﾠAbramitzky,	 ﾠOrley	 ﾠ
Ashenfelter,	 ﾠPierre	 ﾠAzoulay,	 ﾠRobert	 ﾠBarro,	 ﾠWitold	 ﾠBiedrzycki,	 ﾠBrent	 ﾠDoran,	 ﾠCharles	 ﾠDoran,	 ﾠDavid	 ﾠEllwood,	 ﾠ
William	 ﾠEvans,	 ﾠHenry	 ﾠFarber,	 ﾠRichard	 ﾠFreeman,	 ﾠJohn	 ﾠFriedman,	 ﾠJoshua	 ﾠGoodman,	 ﾠDaniel	 ﾠHamermesh,	 ﾠArthur	 ﾠ
Jaffe,	 ﾠLawrence	 ﾠKatz,	 ﾠPetra	 ﾠMoser,	 ﾠMichael	 ﾠRothschild,	 ﾠLawrence	 ﾠShepp,	 ﾠFabian	 ﾠWaldinger,	 ﾠBruce	 ﾠWeinberg,	 ﾠ
Heidi	 ﾠWilliams,	 ﾠnumerous	 ﾠseminar	 ﾠparticipants,	 ﾠand	 ﾠthree	 ﾠreferees.	 ﾠThe	 ﾠauthors	 ﾠare	 ﾠgrateful	 ﾠto	 ﾠthe	 ﾠUpjohn	 ﾠ
Institute,	 ﾠthe	 ﾠKauffman	 ﾠFoundation,	 ﾠand	 ﾠthe	 ﾠSloan	 ﾠFoundation	 ﾠfor	 ﾠtheir	 ﾠfinancial	 ﾠassistance.	 ﾠ
1	 ﾠJones	 ﾠ(2005,	 ﾠp.	 ﾠ1107)	 ﾠsuccinctly	 ﾠsummarizes	 ﾠthe	 ﾠdifficulties:	 ﾠ“While	 ﾠwe	 ﾠhave	 ﾠmade	 ﾠmuch	 ﾠprogress	 ﾠin	 ﾠ
understanding	 ﾠeconomic	 ﾠgrowth	 ﾠin	 ﾠa	 ﾠworld	 ﾠwhere	 ﾠideas	 ﾠare	 ﾠimportant,	 ﾠthere	 ﾠremain	 ﾠmany	 ﾠopen,	 ﾠinteresting	 ﾠ
research	 ﾠquestions.	 ﾠThe	 ﾠfirst	 ﾠis,	 ﾠ‘What	 ﾠis	 ﾠthe	 ﾠshape	 ﾠof	 ﾠthe	 ﾠidea	 ﾠproduction	 ﾠfunction?’	 ﾠHow	 ﾠdo	 ﾠideas	 ﾠget	 ﾠ
produced?...The	 ﾠcurrent	 ﾠresearch	 ﾠpractice	 ﾠof	 ﾠmodeling	 ﾠthe	 ﾠidea	 ﾠproduction	 ﾠfunction	 ﾠas	 ﾠa	 ﾠstable	 ﾠCobb-ﾭ‐Douglas	 ﾠ
combination	 ﾠof	 ﾠresearch	 ﾠand	 ﾠthe	 ﾠexisting	 ﾠstock	 ﾠof	 ﾠideas	 ﾠis	 ﾠelegant,	 ﾠbut	 ﾠat	 ﾠthis	 ﾠpoint	 ﾠwe	 ﾠhave	 ﾠlittle	 ﾠreason	 ﾠto	 ﾠ
believe	 ﾠthat	 ﾠit	 ﾠis	 ﾠcorrect.”	 ﾠSee	 ﾠalso	 ﾠLucas	 ﾠ(1988),	 ﾠRomer	 ﾠ(1986),	 ﾠRomer	 ﾠ(1990),	 ﾠand	 ﾠJones	 ﾠand	 ﾠRomer	 ﾠ(2010).	 ﾠ  3 
an	 ﾠoutput	 ﾠand	 ﾠan	 ﾠinput	 ﾠinto	 ﾠanother	 ﾠresearcher’s	 ﾠproduction	 ﾠfunction.	 ﾠAs	 ﾠNewton	 ﾠsaid,	 ﾠ“If	 ﾠI	 ﾠ
have	 ﾠseen	 ﾠfurther	 ﾠit	 ﾠis	 ﾠby	 ﾠstanding	 ﾠon	 ﾠthe	 ﾠshoulders	 ﾠof	 ﾠgiants.”	 ﾠ
But	 ﾠeven	 ﾠif	 ﾠthe	 ﾠideas	 ﾠof	 ﾠa	 ﾠhighly	 ﾠqualified	 ﾠsingle	 ﾠworker	 ﾠspill	 ﾠover	 ﾠto	 ﾠother	 ﾠworkers	 ﾠ
with	 ﾠwhom	 ﾠthey	 ﾠinteract,	 ﾠthe	 ﾠoverall	 ﾠeffect	 ﾠof	 ﾠthe	 ﾠinteraction	 ﾠcan	 ﾠstill	 ﾠbe	 ﾠdeleterious	 ﾠto	 ﾠthe	 ﾠ
productivity	 ﾠof	 ﾠother	 ﾠworkers.	 ﾠIn	 ﾠparticular,	 ﾠin	 ﾠa	 ﾠworld	 ﾠwith	 ﾠconstraints	 ﾠon	 ﾠthe	 ﾠfunding	 ﾠand	 ﾠ
dissemination	 ﾠof	 ﾠideas	 ﾠ(e.g.,	 ﾠa	 ﾠlimit	 ﾠon	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠfaculty	 ﾠslots,	 ﾠor,	 ﾠmore	 ﾠabstractly,	 ﾠa	 ﾠ
limit	 ﾠon	 ﾠthe	 ﾠattention	 ﾠspan	 ﾠof	 ﾠthe	 ﾠpotential	 ﾠaudience),	 ﾠlarge	 ﾠand	 ﾠsudden	 ﾠincreases	 ﾠin	 ﾠthe	 ﾠ
population	 ﾠof	 ﾠproducers	 ﾠof	 ﾠknowledge	 ﾠcan	 ﾠresult	 ﾠin	 ﾠdiminishing	 ﾠmarginal	 ﾠproductivity	 ﾠfor	 ﾠa	 ﾠ
pre-ﾭ‐existing	 ﾠworker.	 ﾠAs	 ﾠan	 ﾠexample,	 ﾠa	 ﾠyoung	 ﾠacademic	 ﾠmight	 ﾠappreciate	 ﾠthe	 ﾠhiring	 ﾠof	 ﾠa	 ﾠnew	 ﾠ
illustrious	 ﾠcolleague	 ﾠin,	 ﾠsay,	 ﾠmathematics	 ﾠbecause	 ﾠit	 ﾠmay	 ﾠimprove	 ﾠhis	 ﾠown	 ﾠideas.	 ﾠAt	 ﾠthe	 ﾠ
same	 ﾠtime,	 ﾠthe	 ﾠyoung	 ﾠacademic	 ﾠrealizes	 ﾠthat	 ﾠin	 ﾠa	 ﾠworld	 ﾠwith	 ﾠlimited	 ﾠfunding	 ﾠand	 ﾠlimited	 ﾠ
research	 ﾠopportunities,	 ﾠhis	 ﾠown	 ﾠservices	 ﾠand	 ﾠresearch	 ﾠnow	 ﾠbecome	 ﾠrelatively	 ﾠless	 ﾠ
important	 ﾠto	 ﾠhis	 ﾠown	 ﾠdepartment	 ﾠand	 ﾠto	 ﾠthe	 ﾠfield	 ﾠin	 ﾠgeneral.	 ﾠ
	 ﾠ A	 ﾠnumber	 ﾠof	 ﾠrecent	 ﾠempirical	 ﾠstudies	 ﾠhave	 ﾠattempted	 ﾠto	 ﾠquantify	 ﾠthe	 ﾠnet	 ﾠimpact	 ﾠof	 ﾠ
the	 ﾠpresence	 ﾠof	 ﾠa	 ﾠhighly	 ﾠskilled	 ﾠworker	 ﾠon	 ﾠthe	 ﾠideas	 ﾠand	 ﾠoutput	 ﾠof	 ﾠother	 ﾠworkers.	 ﾠFor	 ﾠ
example,	 ﾠWaldinger	 ﾠ(2009)	 ﾠexamines	 ﾠthe	 ﾠproductivity	 ﾠof	 ﾠthe	 ﾠdoctoral	 ﾠstudents	 ﾠwho	 ﾠwere	 ﾠ
left	 ﾠbehind	 ﾠwhen	 ﾠsuperstar	 ﾠGerman	 ﾠscientists	 ﾠleft	 ﾠGermany	 ﾠduring	 ﾠthe	 ﾠNazi	 ﾠera.	 ﾠHe	 ﾠfinds	 ﾠ
that	 ﾠthese	 ﾠstudents	 ﾠsuffered	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠtheir	 ﾠhighly	 ﾠskilled	 ﾠmentors.	 ﾠIn	 ﾠmore	 ﾠrecent	 ﾠ
work,	 ﾠhowever,	 ﾠWaldinger	 ﾠ(2011)	 ﾠfinds	 ﾠthat	 ﾠthe	 ﾠcoauthors	 ﾠleft	 ﾠbehind	 ﾠin	 ﾠNazi	 ﾠGermany	 ﾠdid	 ﾠ
not	 ﾠexperience	 ﾠa	 ﾠloss	 ﾠin	 ﾠproductivity	 ﾠwhen	 ﾠthe	 ﾠsuperstars	 ﾠleft.	 ﾠFinally,	 ﾠAzoulay,	 ﾠZivin,	 ﾠand	 ﾠ
Wang	 ﾠ(2010)	 ﾠdocument	 ﾠthe	 ﾠdecreased	 ﾠoutput	 ﾠsuffered	 ﾠby	 ﾠthe	 ﾠco-ﾭ‐authors	 ﾠof	 ﾠsuperstar	 ﾠ
scientists	 ﾠafter	 ﾠthe	 ﾠsuperstars	 ﾠdie.	 ﾠThey	 ﾠfind	 ﾠthat	 ﾠthe	 ﾠcoauthors	 ﾠbecome	 ﾠmuch	 ﾠless	 ﾠ
productive	 ﾠwhen	 ﾠthe	 ﾠsuperstar	 ﾠis	 ﾠno	 ﾠlonger	 ﾠable	 ﾠto	 ﾠcollaborate.	 ﾠIn	 ﾠconcluding,	 ﾠthey	 ﾠnote:	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“Although	 ﾠwe	 ﾠmeasure	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠlosing	 ﾠa	 ﾠstar	 ﾠcollaborator,	 ﾠa	 ﾠfull	 ﾠaccounting	 ﾠof	 ﾠ
knowledge	 ﾠspillovers	 ﾠwould	 ﾠrequire	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠbenefits	 ﾠthat	 ﾠaccrued	 ﾠto	 ﾠthe	 ﾠfield	 ﾠ
while	 ﾠthe	 ﾠstar	 ﾠwas	 ﾠalive.	 ﾠWe	 ﾠcan	 ﾠthink	 ﾠof	 ﾠno	 ﾠexperiment,	 ﾠnatural	 ﾠor	 ﾠotherwise,	 ﾠthat	 ﾠwould	 ﾠ
encapsulate	 ﾠthis	 ﾠcounterfactual”	 ﾠ(Azoulay,	 ﾠZivin,	 ﾠand	 ﾠWang	 ﾠ2010,	 ﾠp.	 ﾠ580).2	 ﾠ
	 ﾠ This	 ﾠpaper	 ﾠattempts	 ﾠto	 ﾠmeasure	 ﾠthe	 ﾠproductivity	 ﾠeffects	 ﾠof	 ﾠthe	 ﾠentry	 ﾠof	 ﾠhighly	 ﾠskilled	 ﾠ
scientists	 ﾠin	 ﾠa	 ﾠcontext	 ﾠwhere	 ﾠwe	 ﾠcan	 ﾠobserve	 ﾠthe	 ﾠcounterfactual	 ﾠof	 ﾠno	 ﾠentry.	 ﾠIn	 ﾠparticular,	 ﾠ
we	 ﾠexamine	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠinflux	 ﾠof	 ﾠrenowned	 ﾠSoviet	 ﾠmathematicians	 ﾠinto	 ﾠthe	 ﾠglobal	 ﾠ
mathematics	 ﾠcommunity.	 ﾠIn	 ﾠthe	 ﾠperiod	 ﾠbetween	 ﾠthe	 ﾠestablishment	 ﾠand	 ﾠfall	 ﾠof	 ﾠcommunism,	 ﾠ
Soviet	 ﾠmathematics	 ﾠdeveloped	 ﾠin	 ﾠan	 ﾠinsular	 ﾠfashion	 ﾠand	 ﾠalong	 ﾠvery	 ﾠdifferent	 ﾠspecializations	 ﾠ
than	 ﾠAmerican	 ﾠmathematics.	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠsome	 ﾠmathematicians	 ﾠexperienced	 ﾠfew	 ﾠpotential	 ﾠ
insights	 ﾠfrom	 ﾠSoviet	 ﾠmathematics	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠwhile	 ﾠother	 ﾠfields	 ﾠ
experienced	 ﾠa	 ﾠflood	 ﾠof	 ﾠnew	 ﾠmathematicians,	 ﾠtheorems,	 ﾠand	 ﾠideas.	 ﾠ
We	 ﾠhave	 ﾠconstructed	 ﾠa	 ﾠdata	 ﾠset	 ﾠthat	 ﾠcontains	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠauthorship	 ﾠof	 ﾠevery	 ﾠ
paper	 ﾠpublished	 ﾠin	 ﾠmathematics	 ﾠover	 ﾠthe	 ﾠpast	 ﾠ70	 ﾠyears.3	 ﾠThese	 ﾠdata	 ﾠallow	 ﾠus	 ﾠto	 ﾠdocument	 ﾠ
the	 ﾠlocation,	 ﾠaffiliation,	 ﾠand	 ﾠcomplete	 ﾠpublication	 ﾠand	 ﾠcitation	 ﾠrecords	 ﾠof	 ﾠmathematicians	 ﾠ
who	 ﾠwere	 ﾠactive	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠand	 ﾠaround	 ﾠthe	 ﾠworld	 ﾠfor	 ﾠthe	 ﾠpast	 ﾠfew	 ﾠdecades.	 ﾠ
Prior	 ﾠto	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠthere	 ﾠwas	 ﾠlittle	 ﾠcollaboration	 ﾠand	 ﾠonly	 ﾠ
infrequent	 ﾠexchanges	 ﾠbetween	 ﾠSoviet	 ﾠand	 ﾠWestern	 ﾠmathematicians.	 ﾠIn	 ﾠfact,	 ﾠevery	 ﾠwritten	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
2	 ﾠRelated	 ﾠresearch	 ﾠon	 ﾠknowledge	 ﾠproduction	 ﾠincludes	 ﾠFurman,	 ﾠKyle,	 ﾠCockburn,	 ﾠand	 ﾠHenderson	 ﾠ(2005)	 ﾠand	 ﾠ
Hunt	 ﾠand	 ﾠGauthier-ﾭ‐Loiselle	 ﾠ(2010).	 ﾠ
3	 ﾠMathematical	 ﾠresearch	 ﾠplays	 ﾠa	 ﾠfundamental	 ﾠrole	 ﾠin	 ﾠtechnological	 ﾠprogress.	 ﾠIn	 ﾠfact,	 ﾠrecent	 ﾠapplications	 ﾠof	 ﾠ
modern	 ﾠacademic	 ﾠresearch	 ﾠpapers	 ﾠin	 ﾠmathematics	 ﾠand	 ﾠrelated	 ﾠfields	 ﾠ(such	 ﾠas	 ﾠtheoretical	 ﾠcomputer	 ﾠscience	 ﾠ
and	 ﾠmathematical	 ﾠphysics)	 ﾠto	 ﾠour	 ﾠbroader	 ﾠeconomy	 ﾠare	 ﾠso	 ﾠnumerous	 ﾠand	 ﾠdiverse	 ﾠthat	 ﾠit	 ﾠis	 ﾠimpossible	 ﾠto	 ﾠ
characterize	 ﾠthem	 ﾠbriefly.	 ﾠFor	 ﾠa	 ﾠfew	 ﾠexamples,	 ﾠconsider	 ﾠthe	 ﾠRivest-ﾭ‐Shamir-ﾭ‐Adleman	 ﾠalgorithm	 ﾠthat	 ﾠforms	 ﾠthe	 ﾠ
backbone	 ﾠof	 ﾠInternet	 ﾠencryption;	 ﾠthe	 ﾠReed–Solomon	 ﾠerror	 ﾠcorrection	 ﾠthat	 ﾠmakes	 ﾠpossible	 ﾠcompact	 ﾠdisks,	 ﾠ
deep-ﾭ‐space	 ﾠcommunication,	 ﾠerror-ﾭ‐free	 ﾠbar	 ﾠcodes,	 ﾠand	 ﾠDSL	 ﾠtelevision;	 ﾠand	 ﾠClaude	 ﾠShannon’s	 ﾠinformation	 ﾠ
theory,	 ﾠwhich	 ﾠhas	 ﾠbeen	 ﾠapplied	 ﾠeverywhere	 ﾠfrom	 ﾠgambling	 ﾠand	 ﾠinvesting,	 ﾠto	 ﾠbioinformatics	 ﾠand	 ﾠmusic,	 ﾠand	 ﾠ
even	 ﾠto	 ﾠthe	 ﾠdiscovery	 ﾠof	 ﾠnew	 ﾠoil	 ﾠfields	 ﾠwith	 ﾠseismic	 ﾠoil	 ﾠexploration.	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communication	 ﾠwith	 ﾠan	 ﾠAmerican	 ﾠmathematician	 ﾠwas	 ﾠopened	 ﾠand	 ﾠread	 ﾠby	 ﾠthe	 ﾠauthorities,	 ﾠ
and	 ﾠspecial	 ﾠpermission	 ﾠwas	 ﾠrequired	 ﾠto	 ﾠpublish	 ﾠoutside	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠDepending	 ﾠon	 ﾠthe	 ﾠ
era	 ﾠin	 ﾠthe	 ﾠCold	 ﾠWar,	 ﾠSoviet	 ﾠviolators	 ﾠcould	 ﾠbe	 ﾠimprisoned	 ﾠ(Polyak	 ﾠ2002).	 ﾠAfter	 ﾠthe	 ﾠcollapse	 ﾠ
of	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠover	 ﾠ1,000	 ﾠSoviet	 ﾠmathematicians	 ﾠmigrated	 ﾠto	 ﾠother	 ﾠcountries,	 ﾠwith	 ﾠa	 ﾠ
large	 ﾠfraction	 ﾠsettling	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠIn	 ﾠaddition,	 ﾠthe	 ﾠmathematicians	 ﾠwho	 ﾠremained	 ﾠ
in	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠbecame	 ﾠpart	 ﾠof	 ﾠthe	 ﾠglobalized	 ﾠpublications	 ﾠmarket	 ﾠin	 ﾠmathematics.4	 ﾠ	 ﾠ
Our	 ﾠempirical	 ﾠanalysis	 ﾠdemonstrates	 ﾠthat	 ﾠthe	 ﾠAmerican	 ﾠmathematicians	 ﾠwhose	 ﾠ
research	 ﾠprograms	 ﾠmost	 ﾠoverlapped	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets	 ﾠexperienced	 ﾠa	 ﾠreduction	 ﾠin	 ﾠ
productivity	 ﾠafter	 ﾠthe	 ﾠentry	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠinto	 ﾠthe	 ﾠU.S.	 ﾠmathematics	 ﾠmarket.	 ﾠThis	 ﾠeffect	 ﾠ
is	 ﾠobserved	 ﾠat	 ﾠboth	 ﾠtails	 ﾠof	 ﾠthe	 ﾠquality	 ﾠdistribution	 ﾠof	 ﾠmathematicians.	 ﾠFirst,	 ﾠthe	 ﾠlikelihood	 ﾠ
of	 ﾠa	 ﾠcompeting	 ﾠmathematician	 ﾠproducing	 ﾠa	 ﾠ“home	 ﾠrun”	 ﾠpaper	 ﾠfell	 ﾠsignificantly.	 ﾠSimilarly,	 ﾠ
marginal	 ﾠmathematicians	 ﾠbecame	 ﾠmuch	 ﾠmore	 ﾠlikely	 ﾠto	 ﾠmove	 ﾠto	 ﾠlower-ﾭ‐quality	 ﾠinstitutions	 ﾠ
and	 ﾠto	 ﾠexit	 ﾠknowledge	 ﾠproduction	 ﾠaltogether.	 ﾠWe	 ﾠalso	 ﾠfind	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠstudents	 ﾠof	 ﾠthe	 ﾠ
Soviet	 ﾠémigrés	 ﾠhad	 ﾠhigher	 ﾠlifetime	 ﾠproductivity	 ﾠthan	 ﾠother	 ﾠstudents	 ﾠfrom	 ﾠthe	 ﾠsame	 ﾠ
institution	 ﾠwho	 ﾠhad	 ﾠnon-ﾭ‐émigré	 ﾠadvisors.	 ﾠHowever,	 ﾠthis	 ﾠgain	 ﾠwas	 ﾠmore	 ﾠthan	 ﾠoffset	 ﾠby	 ﾠthe	 ﾠ
productivity	 ﾠloss	 ﾠsuffered	 ﾠby	 ﾠstudents	 ﾠwho	 ﾠhad	 ﾠAmerican	 ﾠadvisors	 ﾠwith	 ﾠSoviet-ﾭ‐like	 ﾠ
research	 ﾠprograms.	 ﾠ	 ﾠ
On	 ﾠaggregate,	 ﾠbased	 ﾠon	 ﾠthe	 ﾠpre-ﾭ‐1992	 ﾠage-ﾭ‐output	 ﾠprofile	 ﾠof	 ﾠAmerican	 ﾠ
mathematicians,	 ﾠwe	 ﾠfind	 ﾠthat	 ﾠthe	 ﾠactual	 ﾠoutput	 ﾠof	 ﾠmathematicians	 ﾠwith	 ﾠa	 ﾠSoviet-ﾭ‐like	 ﾠ
research	 ﾠprogram	 ﾠis	 ﾠfar	 ﾠbelow	 ﾠwhat	 ﾠone	 ﾠwould	 ﾠhave	 ﾠexpected.	 ﾠEven	 ﾠthough	 ﾠthere	 ﾠwas	 ﾠa	 ﾠnet	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
4	 ﾠAbramitzky	 ﾠand	 ﾠSen	 ﾠ(2011)	 ﾠprovide	 ﾠa	 ﾠdetailed	 ﾠanalysis	 ﾠof	 ﾠhow	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠSoviet	 ﾠcommunism	 ﾠled	 ﾠto	 ﾠa	 ﾠ
diffusion	 ﾠof	 ﾠknowledge	 ﾠto	 ﾠand	 ﾠfrom	 ﾠthe	 ﾠWest	 ﾠand	 ﾠthe	 ﾠformer	 ﾠSoviet	 ﾠUnion.	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loss	 ﾠin	 ﾠtotal	 ﾠoutput	 ﾠfor	 ﾠAmerican	 ﾠmathematicians,	 ﾠthis	 ﾠloss	 ﾠwas	 ﾠapproximately	 ﾠmade	 ﾠup	 ﾠby	 ﾠ
the	 ﾠpublished	 ﾠoutput	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠ
Our	 ﾠanalysis	 ﾠalso	 ﾠdirectly	 ﾠconfronts	 ﾠa	 ﾠrelated	 ﾠissue	 ﾠin	 ﾠthe	 ﾠknowledge	 ﾠproduction	 ﾠ
literature.	 ﾠKnowledge	 ﾠproducers	 ﾠinteract	 ﾠin	 ﾠboth	 ﾠa	 ﾠjob	 ﾠmarket	 ﾠ(i.e.,	 ﾠthe	 ﾠmarket	 ﾠfor	 ﾠselling	 ﾠ
human	 ﾠcapital),	 ﾠand	 ﾠin	 ﾠa	 ﾠpublications	 ﾠmarket	 ﾠ(i.e.,	 ﾠthe	 ﾠmarket	 ﾠfor	 ﾠselling	 ﾠcodified	 ﾠ
knowledge,	 ﾠsuch	 ﾠas	 ﾠjournal	 ﾠarticles).	 ﾠThe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠprovides	 ﾠa	 ﾠunique	 ﾠ
opportunity	 ﾠto	 ﾠempirically	 ﾠexamine	 ﾠthe	 ﾠrelative	 ﾠimportance	 ﾠof	 ﾠeach	 ﾠmarket	 ﾠfor	 ﾠdetermining	 ﾠ
the	 ﾠnet	 ﾠproductivity	 ﾠeffect	 ﾠon	 ﾠknowledge	 ﾠproducers.	 ﾠ
After	 ﾠall,	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠinduced	 ﾠmany	 ﾠSoviet	 ﾠmathematicians	 ﾠto	 ﾠ
move	 ﾠto	 ﾠsome	 ﾠcountries,	 ﾠbut	 ﾠnot	 ﾠto	 ﾠothers,	 ﾠcreating	 ﾠcompetitive	 ﾠpressures	 ﾠin	 ﾠsome	 ﾠjob	 ﾠ
markets,	 ﾠbut	 ﾠnot	 ﾠin	 ﾠothers.	 ﾠAt	 ﾠthe	 ﾠsame	 ﾠtime,	 ﾠthe	 ﾠmarket	 ﾠfor	 ﾠjournal	 ﾠspace	 ﾠhas	 ﾠsome	 ﾠ
segments	 ﾠthat	 ﾠare	 ﾠcountry-ﾭ‐specific,	 ﾠbut	 ﾠother	 ﾠsegments	 ﾠthat	 ﾠcross	 ﾠover	 ﾠgeographic	 ﾠ
boundaries.	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠmathematicians	 ﾠin	 ﾠcountries	 ﾠthat	 ﾠdid	 ﾠnot	 ﾠphysically	 ﾠreceive	 ﾠmany	 ﾠ
Soviet	 ﾠémigrés	 ﾠmay	 ﾠhave	 ﾠexperienced	 ﾠcompetition	 ﾠin	 ﾠthe	 ﾠjournal	 ﾠmarket,	 ﾠwhile	 ﾠ
mathematicians	 ﾠin	 ﾠstill	 ﾠother	 ﾠcountries	 ﾠdid	 ﾠnot	 ﾠexperience	 ﾠincreased	 ﾠcompetition	 ﾠin	 ﾠeither	 ﾠ
market.	 ﾠThe	 ﾠinternational	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠproductivity	 ﾠof	 ﾠmathematicians	 ﾠ
reveals	 ﾠthat	 ﾠcompetitive	 ﾠpressures	 ﾠin	 ﾠboth	 ﾠthe	 ﾠjob	 ﾠmarket	 ﾠand	 ﾠin	 ﾠthe	 ﾠmarket	 ﾠfor	 ﾠcodified	 ﾠ
knowledge	 ﾠare	 ﾠimportant	 ﾠdeterminants	 ﾠof	 ﾠproductivity	 ﾠand	 ﾠof	 ﾠcrowd-ﾭ‐out	 ﾠeffects.	 ﾠ
	 ﾠ
II. Historical Context 
After	 ﾠthe	 ﾠestablishment	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠin	 ﾠ1922,	 ﾠSoviet	 ﾠmathematics	 ﾠentered	 ﾠa	 ﾠ
long	 ﾠperiod	 ﾠof	 ﾠdevelopment	 ﾠindependent	 ﾠfrom	 ﾠmathematics	 ﾠin	 ﾠthe	 ﾠWest.	 ﾠTo	 ﾠvarying	 ﾠ
degrees	 ﾠbetween	 ﾠ1922	 ﾠand	 ﾠ1992,	 ﾠthe	 ﾠSoviet	 ﾠGovernment	 ﾠinstituted	 ﾠstrict	 ﾠcontrols	 ﾠon	 ﾠwhich	 ﾠ  7 
scientists	 ﾠcould	 ﾠcommunicate	 ﾠwith	 ﾠWestern	 ﾠpeers,	 ﾠon	 ﾠthe	 ﾠparameters	 ﾠof	 ﾠscientific	 ﾠtravel,	 ﾠon	 ﾠ
the	 ﾠacceptable	 ﾠoutlets	 ﾠfor	 ﾠpublication,	 ﾠand	 ﾠon	 ﾠaccess	 ﾠto	 ﾠWestern	 ﾠmaterials.5	 ﾠJust	 ﾠas	 ﾠspeakers	 ﾠ
of	 ﾠone	 ﾠlanguage,	 ﾠwhen	 ﾠseparated	 ﾠgeographically	 ﾠfor	 ﾠmany	 ﾠgenerations,	 ﾠeventually	 ﾠdevelop	 ﾠ
separate	 ﾠand	 ﾠdifferent	 ﾠdialects	 ﾠthrough	 ﾠnatural	 ﾠchanges	 ﾠover	 ﾠtime,	 ﾠso	 ﾠWestern	 ﾠand	 ﾠEastern	 ﾠ
mathematicians,	 ﾠseparated	 ﾠby	 ﾠStalinist	 ﾠand	 ﾠCold	 ﾠWar	 ﾠpolitical	 ﾠinstitutions,	 ﾠdeveloped	 ﾠunder	 ﾠ
different	 ﾠinfluences	 ﾠto	 ﾠthe	 ﾠpoint	 ﾠof	 ﾠachieving	 ﾠvery	 ﾠdifferent	 ﾠspecializations	 ﾠacross	 ﾠthe	 ﾠfields	 ﾠ
of	 ﾠmathematics.	 ﾠ
An	 ﾠimportant	 ﾠevent	 ﾠthat	 ﾠcemented	 ﾠthe	 ﾠisolation	 ﾠof	 ﾠSoviet	 ﾠmathematicians	 ﾠwas	 ﾠthe	 ﾠ
“Luzin	 ﾠaffair.”	 ﾠIn	 ﾠ1936,	 ﾠNikolai	 ﾠLuzin,	 ﾠa	 ﾠmathematician	 ﾠat	 ﾠMoscow	 ﾠState	 ﾠUniversity	 ﾠand	 ﾠa	 ﾠ
member	 ﾠof	 ﾠthe	 ﾠUSSR	 ﾠAcademy	 ﾠof	 ﾠSciences,	 ﾠbecame	 ﾠthe	 ﾠtarget	 ﾠof	 ﾠa	 ﾠpolitical	 ﾠcampaign.	 ﾠThe	 ﾠ
allegations	 ﾠincluded	 ﾠnot	 ﾠonly	 ﾠthe	 ﾠusual	 ﾠcharge	 ﾠof	 ﾠpromoting	 ﾠanti-ﾭ‐Soviet	 ﾠpropaganda,	 ﾠbut	 ﾠ
also	 ﾠthe	 ﾠspecific	 ﾠaccusation	 ﾠthat	 ﾠLuzin	 ﾠsaved	 ﾠhis	 ﾠmain	 ﾠacademic	 ﾠresults	 ﾠfor	 ﾠpublications	 ﾠin	 ﾠ
foreign	 ﾠoutlets.	 ﾠAlthough	 ﾠStalin	 ﾠeventually	 ﾠspared	 ﾠLuzin’s	 ﾠlife,	 ﾠthe	 ﾠimpact	 ﾠon	 ﾠSoviet	 ﾠ
mathematics	 ﾠwas	 ﾠswift	 ﾠand	 ﾠdramatic:	 ﾠ“The	 ﾠmain	 ﾠvisible	 ﾠconsequence	 ﾠof	 ﾠthe	 ﾠLuzin	 ﾠaffair	 ﾠwas	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
5	 ﾠPolyak	 ﾠ(2002,	 ﾠp.	 ﾠ2)	 ﾠgives	 ﾠa	 ﾠfirsthand	 ﾠaccount	 ﾠof	 ﾠthe	 ﾠlife	 ﾠof	 ﾠmathematicians	 ﾠbehind	 ﾠthe	 ﾠIron	 ﾠCurtain.	 ﾠPolyak	 ﾠ
writes:	 ﾠ“’The	 ﾠiron	 ﾠcurtain’	 ﾠwas	 ﾠnot	 ﾠonly	 ﾠa	 ﾠmetaphor,	 ﾠit	 ﾠwas	 ﾠa	 ﾠreal	 ﾠobstacle	 ﾠto	 ﾠinternational	 ﾠcontacts…When	 ﾠ
Professor	 ﾠYa.Z.	 ﾠTsypkin	 ﾠreceived	 ﾠa	 ﾠletter	 ﾠin	 ﾠthe	 ﾠlate	 ﾠ1940s	 ﾠfrom	 ﾠan	 ﾠAmerican	 ﾠreader	 ﾠof	 ﾠhis	 ﾠpaper,	 ﾠhe	 ﾠwas	 ﾠ
summoned	 ﾠby	 ﾠthe	 ﾠKGB	 ﾠand	 ﾠunderwent	 ﾠa	 ﾠlong	 ﾠinvestigation	 ﾠthere,	 ﾠtottering	 ﾠat	 ﾠthe	 ﾠedge	 ﾠof	 ﾠarrest.	 ﾠ.	 ﾠ.	 ﾠAnother	 ﾠ
source	 ﾠof	 ﾠdifficulties	 ﾠfor	 ﾠresearchers	 ﾠwas	 ﾠthe	 ﾠmania	 ﾠfor	 ﾠsecrecy.	 ﾠ.	 ﾠ.	 ﾠNobody	 ﾠwas	 ﾠallowed	 ﾠto	 ﾠpublish	 ﾠany	 ﾠpaper	 ﾠ
without	 ﾠspecial	 ﾠpermission	 ﾠconfirming	 ﾠthat	 ﾠthe	 ﾠpublication	 ﾠdoes	 ﾠnot	 ﾠcontradict	 ﾠnumerous	 ﾠsecurity	 ﾠ
restrictions.	 ﾠAll	 ﾠletters	 ﾠabroad	 ﾠ(as	 ﾠwell	 ﾠas	 ﾠletters	 ﾠfrom	 ﾠabroad)	 ﾠwere	 ﾠopened	 ﾠand	 ﾠinspected.	 ﾠEverybody	 ﾠmust	 ﾠ
have	 ﾠspecial	 ﾠpermission,	 ﾠand	 ﾠa	 ﾠfull	 ﾠtext	 ﾠof	 ﾠthe	 ﾠtalk	 ﾠhad	 ﾠto	 ﾠbe	 ﾠapproved	 ﾠif	 ﾠyou	 ﾠwere	 ﾠgoing	 ﾠto	 ﾠan	 ﾠinternational	 ﾠ
conference.	 ﾠAnd	 ﾠworking	 ﾠin	 ﾠa	 ﾠclassified	 ﾠinstitution	 ﾠ(which	 ﾠwas	 ﾠthe	 ﾠcase	 ﾠfor	 ﾠmany	 ﾠexperts	 ﾠin	 ﾠmathematical	 ﾠ
programming),	 ﾠcomplicated	 ﾠthe	 ﾠsituation	 ﾠdrastically.	 ﾠ.	 ﾠ.	 ﾠThe	 ﾠsituation	 ﾠin	 ﾠthe	 ﾠ1940s	 ﾠto	 ﾠmid-ﾭ‐1950s	 ﾠwas	 ﾠthe	 ﾠ
worst.	 ﾠMalevolent	 ﾠintent	 ﾠby	 ﾠthe	 ﾠauthorities	 ﾠcould	 ﾠlead	 ﾠa	 ﾠresearcher	 ﾠto	 ﾠthe	 ﾠGULAG.	 ﾠThe	 ﾠperiod	 ﾠ1955–1970	 ﾠwas	 ﾠ
the	 ﾠleast	 ﾠoppressive,	 ﾠit	 ﾠwas	 ﾠa	 ﾠ‘golden	 ﾠage’	 ﾠof	 ﾠSoviet	 ﾠmathematics.	 ﾠ.	 ﾠ.	 ﾠThe	 ﾠyears	 ﾠ1970	 ﾠto	 ﾠ1985	 ﾠwere	 ﾠa	 ﾠperiod	 ﾠof	 ﾠ
stagnation	 ﾠin	 ﾠpolitical,	 ﾠsocial,	 ﾠeconomic,	 ﾠand	 ﾠscientific	 ﾠlife.	 ﾠAll	 ﾠthe	 ﾠtroubles	 ﾠI	 ﾠhave	 ﾠmentioned	 ﾠabove	 ﾠplayed	 ﾠa	 ﾠ
more	 ﾠand	 ﾠmore	 ﾠsignificant	 ﾠrole	 ﾠin	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠSoviet	 ﾠscience	 ﾠand	 ﾠthus	 ﾠled	 ﾠto	 ﾠits	 ﾠdegradation.”	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that,	 ﾠfrom	 ﾠthis	 ﾠprecise	 ﾠmoment,	 ﾠSoviet	 ﾠmathematicians	 ﾠbegan	 ﾠto	 ﾠpublish	 ﾠalmost	 ﾠexclusively	 ﾠ
in	 ﾠSoviet	 ﾠjournals	 ﾠand	 ﾠin	 ﾠRussian.”6	 ﾠ
Figure	 ﾠI	 ﾠillustrates	 ﾠthe	 ﾠdramatic	 ﾠdifferences	 ﾠin	 ﾠspecializations	 ﾠbetween	 ﾠSoviet	 ﾠand	 ﾠ
American	 ﾠmathematics.	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠfigure	 ﾠgives	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠ
before	 ﾠ1990	 ﾠby	 ﾠSoviet	 ﾠmathematicians	 ﾠin	 ﾠa	 ﾠparticular	 ﾠfield	 ﾠrelative	 ﾠto	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ
published	 ﾠby	 ﾠAmerican	 ﾠmathematicians	 ﾠin	 ﾠthat	 ﾠfield.	 ﾠDespite	 ﾠthe	 ﾠfact	 ﾠthat,	 ﾠon	 ﾠaggregate,	 ﾠ
Americans	 ﾠpublished	 ﾠabout	 ﾠthree	 ﾠtimes	 ﾠas	 ﾠmany	 ﾠpapers	 ﾠas	 ﾠthe	 ﾠSoviets,	 ﾠSoviet	 ﾠ
mathematicians	 ﾠpublished	 ﾠ1.4	 ﾠpapers	 ﾠper	 ﾠAmerican	 ﾠpaper	 ﾠin	 ﾠIntegral	 ﾠEquations.	 ﾠIn	 ﾠ
contrast,	 ﾠSoviet	 ﾠmathematicians	 ﾠpublished	 ﾠonly	 ﾠ0.06	 ﾠpapers	 ﾠper	 ﾠAmerican	 ﾠpaper	 ﾠin	 ﾠ
Statistics.	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠtwo	 ﾠmost	 ﾠpopular	 ﾠSoviet	 ﾠfields	 ﾠwere	 ﾠPartial	 ﾠDifferential	 ﾠEquations	 ﾠand	 ﾠ
Ordinary	 ﾠDifferential	 ﾠEquations,	 ﾠand	 ﾠthese	 ﾠtwo	 ﾠfields	 ﾠaccounted	 ﾠfor	 ﾠ17.8	 ﾠpercent	 ﾠof	 ﾠall	 ﾠ
publications.	 ﾠIn	 ﾠcontrast,	 ﾠthe	 ﾠtwo	 ﾠmost	 ﾠpopular	 ﾠAmerican	 ﾠfields	 ﾠwere	 ﾠStatistics	 ﾠand	 ﾠ
Operations	 ﾠResearch,	 ﾠMathematical	 ﾠProgramming,	 ﾠand	 ﾠthese	 ﾠtwo	 ﾠfields	 ﾠaccounted	 ﾠfor	 ﾠ15.6	 ﾠ
percent	 ﾠof	 ﾠall	 ﾠAmerican	 ﾠpublications.7	 ﾠ
The	 ﾠprimary	 ﾠinfluences	 ﾠbehind	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠboth	 ﾠSoviet	 ﾠand	 ﾠWestern	 ﾠ
mathematics	 ﾠwere	 ﾠhistory	 ﾠdependence	 ﾠand,	 ﾠto	 ﾠa	 ﾠlesser	 ﾠextent,	 ﾠstate	 ﾠfunding.	 ﾠIn	 ﾠthe	 ﾠSoviet	 ﾠ
Union,	 ﾠfor	 ﾠexample,	 ﾠthe	 ﾠmathematical	 ﾠgenius	 ﾠAndrey	 ﾠKolmogorov	 ﾠdeveloped	 ﾠimportant	 ﾠ
results	 ﾠin	 ﾠthe	 ﾠarea	 ﾠof	 ﾠProbability	 ﾠand	 ﾠStochastic	 ﾠProcesses	 ﾠbeginning	 ﾠin	 ﾠthe	 ﾠ1930s.	 ﾠIn	 ﾠa	 ﾠ
scenario	 ﾠcommon	 ﾠthroughout	 ﾠSoviet	 ﾠmathematical	 ﾠhistory,	 ﾠhe	 ﾠthen	 ﾠestablished	 ﾠa	 ﾠ“school”	 ﾠ
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6	 ﾠO’Connor	 ﾠand	 ﾠRobertson	 ﾠ(1999).	 ﾠThe	 ﾠcharges	 ﾠagainst	 ﾠLuzin	 ﾠwere	 ﾠpublished	 ﾠin	 ﾠPravda	 ﾠin	 ﾠa	 ﾠseries	 ﾠof	 ﾠarticles	 ﾠ
beginning	 ﾠon	 ﾠJuly	 ﾠ3,	 ﾠ1936.	 ﾠThe	 ﾠLuzin	 ﾠaffair	 ﾠinvolved	 ﾠintrigue,	 ﾠblackmail,	 ﾠand	 ﾠbetrayal—even	 ﾠAndrey	 ﾠ
Kolmogorov	 ﾠplayed	 ﾠa	 ﾠnon-ﾭ‐trivial	 ﾠrole	 ﾠin	 ﾠthe	 ﾠplay	 ﾠ(Graham	 ﾠand	 ﾠKantor	 ﾠ2009);	 ﾠsee	 ﾠalso	 ﾠSmithies	 ﾠ(2003).	 ﾠ
7	 ﾠThe	 ﾠthird	 ﾠmost	 ﾠpopular	 ﾠfield,	 ﾠQuantum	 ﾠTheory,	 ﾠwas	 ﾠthe	 ﾠsame	 ﾠin	 ﾠboth	 ﾠcountries,	 ﾠaccounting	 ﾠfor	 ﾠ6.8	 ﾠpercent	 ﾠ
and	 ﾠ5.9	 ﾠpercent	 ﾠof	 ﾠpublications	 ﾠin	 ﾠthe	 ﾠUSSR	 ﾠand	 ﾠthe	 ﾠUnited	 ﾠStates,	 ﾠrespectively.	 ﾠThe	 ﾠfourth	 ﾠand	 ﾠfifth	 ﾠmost	 ﾠ
popular	 ﾠfields	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠwere	 ﾠProbability	 ﾠTheory	 ﾠand	 ﾠStochastic	 ﾠProcesses	 ﾠ(6.1	 ﾠpercent)	 ﾠand	 ﾠGlobal	 ﾠ
Analysis,	 ﾠAnalysis	 ﾠon	 ﾠManifolds	 ﾠ(4.8	 ﾠpercent).	 ﾠThe	 ﾠrespective	 ﾠfields	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠwere	 ﾠComputer	 ﾠ
Science	 ﾠ(4.5	 ﾠpercent)	 ﾠand	 ﾠNumerical	 ﾠAnalysis	 ﾠ(4.3	 ﾠpercent).	 ﾠ  9 
at	 ﾠMoscow	 ﾠState	 ﾠUniversity,	 ﾠattracting	 ﾠsome	 ﾠof	 ﾠthe	 ﾠbest	 ﾠyoung	 ﾠminds	 ﾠover	 ﾠthe	 ﾠnext	 ﾠfour	 ﾠ
decades,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠteenage	 ﾠprodigy	 ﾠVladimir	 ﾠArnold	 ﾠin	 ﾠthe	 ﾠ1950s.	 ﾠArnold	 ﾠhimself	 ﾠquickly	 ﾠ
solved	 ﾠHilbert's	 ﾠfamous	 ﾠ“Thirteenth	 ﾠProblem,”	 ﾠand	 ﾠinitiated	 ﾠthe	 ﾠfield	 ﾠof	 ﾠsymplectic	 ﾠ
topology.	 ﾠThe	 ﾠlarge	 ﾠamount	 ﾠof	 ﾠSoviet	 ﾠwork	 ﾠin	 ﾠthese	 ﾠareas	 ﾠeven	 ﾠin	 ﾠthe	 ﾠ1980s	 ﾠcan	 ﾠbe	 ﾠseen	 ﾠin	 ﾠ
Figure	 ﾠI	 ﾠunder	 ﾠthe	 ﾠsubject	 ﾠheadings	 ﾠ“Mechanics	 ﾠof	 ﾠParticles	 ﾠand	 ﾠSystems,”	 ﾠ“Global	 ﾠAnalysis,	 ﾠ
Analysis	 ﾠon	 ﾠManifolds,”	 ﾠand	 ﾠ“Ordinary	 ﾠDifferential	 ﾠEquations.”	 ﾠSince	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠdid	 ﾠ
not	 ﾠhave	 ﾠthe	 ﾠunique	 ﾠKolmogorov-ﾭ‐Arnold	 ﾠcombination,	 ﾠthe	 ﾠamount	 ﾠof	 ﾠwork	 ﾠdone	 ﾠby	 ﾠ
American	 ﾠmathematicians	 ﾠin	 ﾠthese	 ﾠsubfields	 ﾠwas	 ﾠfar	 ﾠless	 ﾠthan	 ﾠwould	 ﾠhave	 ﾠbeen	 ﾠexpected	 ﾠ
given	 ﾠthe	 ﾠsize	 ﾠand	 ﾠbreadth	 ﾠof	 ﾠthe	 ﾠAmerican	 ﾠmathematics	 ﾠcommunity.	 ﾠ
In	 ﾠthe	 ﾠUnited	 ﾠStates,	 ﾠhowever,	 ﾠresearchers	 ﾠlike	 ﾠJohn	 ﾠMilnor	 ﾠat	 ﾠPrinceton	 ﾠUniversity	 ﾠ
and	 ﾠRaoul	 ﾠBott	 ﾠat	 ﾠHarvard	 ﾠUniversity	 ﾠdeveloped	 ﾠkey	 ﾠideas	 ﾠin	 ﾠthe	 ﾠtopology	 ﾠof	 ﾠmanifolds	 ﾠin	 ﾠ
the	 ﾠ1950s.	 ﾠTheir	 ﾠstudents	 ﾠand	 ﾠcollaborators	 ﾠproduced	 ﾠan	 ﾠenviable	 ﾠbody	 ﾠof	 ﾠresearch	 ﾠin	 ﾠ
Manifolds	 ﾠand	 ﾠCell	 ﾠComplexes,	 ﾠwhich,	 ﾠbecause	 ﾠof	 ﾠthe	 ﾠlack	 ﾠof	 ﾠa	 ﾠsimilar	 ﾠchance	 ﾠoriginator	 ﾠin	 ﾠ
their	 ﾠcountry,	 ﾠwas	 ﾠnever	 ﾠreplicated	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion.8	 ﾠ
Finally,	 ﾠSoviet	 ﾠfunding	 ﾠwas	 ﾠlimited	 ﾠ(in	 ﾠcomparison	 ﾠto	 ﾠthe	 ﾠU.S.)	 ﾠin	 ﾠfields	 ﾠrequiring	 ﾠ
experiments	 ﾠor	 ﾠequipment	 ﾠ(Howe	 ﾠ1990).	 ﾠFigure	 ﾠI	 ﾠalso	 ﾠdemonstrates	 ﾠthat	 ﾠas	 ﾠlate	 ﾠas	 ﾠthe	 ﾠ
1980s,	 ﾠthis	 ﾠresulted	 ﾠin	 ﾠa	 ﾠlarge	 ﾠdiscrepancy	 ﾠbetween	 ﾠAmerican	 ﾠand	 ﾠSoviet	 ﾠspecialization	 ﾠin	 ﾠ
computer	 ﾠscience	 ﾠand	 ﾠrelated	 ﾠfields.9	 ﾠ
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8	 ﾠAlgebraic	 ﾠGeometry,	 ﾠa	 ﾠfield	 ﾠof	 ﾠrelative	 ﾠU.S.	 ﾠexcellence,	 ﾠprovides	 ﾠanother	 ﾠexample	 ﾠof	 ﾠthe	 ﾠpersistence	 ﾠof	 ﾠ
history	 ﾠdependence.	 ﾠThe	 ﾠSummary	 ﾠReport	 ﾠof	 ﾠthe	 ﾠPanel	 ﾠon	 ﾠSoviet	 ﾠMathematics	 ﾠ(Lefschetz	 ﾠ1961,	 ﾠp.	 ﾠIV-ﾭ‐2)	 ﾠ
explains	 ﾠthat:	 ﾠ“in	 ﾠno	 ﾠpart	 ﾠof	 ﾠmathematics	 ﾠis	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠweaker	 ﾠthan	 ﾠin	 ﾠalgebraic	 ﾠgeometry.	 ﾠNo	 ﾠ
significant	 ﾠcontributions	 ﾠhave	 ﾠever	 ﾠ.	 ﾠ.	 ﾠ.	 ﾠcome	 ﾠfrom	 ﾠthere.”	 ﾠThis	 ﾠwas	 ﾠnot	 ﾠonly	 ﾠtrue	 ﾠin	 ﾠ1961,	 ﾠbut,	 ﾠas	 ﾠFigure	 ﾠI	 ﾠ
demonstrates,	 ﾠit	 ﾠremained	 ﾠtrue	 ﾠin	 ﾠthe	 ﾠ1980s.	 ﾠ
9	 ﾠPersonal	 ﾠcommunication	 ﾠwith	 ﾠProfessor	 ﾠLawrence	 ﾠShepp,	 ﾠwho	 ﾠduring	 ﾠa	 ﾠlong	 ﾠcareer	 ﾠat	 ﾠBell	 ﾠLabs	 ﾠwas	 ﾠin	 ﾠ
contact	 ﾠwith	 ﾠsome	 ﾠSoviet	 ﾠmathematicians	 ﾠas	 ﾠearly	 ﾠas	 ﾠ1964,	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠSoviet	 ﾠmathematicians	 ﾠ
avoided	 ﾠthe	 ﾠmost	 ﾠpopular	 ﾠAmerican	 ﾠfield	 ﾠ(Statistics)	 ﾠhad	 ﾠlittle	 ﾠto	 ﾠdo	 ﾠwith	 ﾠfunding.	 ﾠSpecializing	 ﾠin	 ﾠstatistics	 ﾠ
was	 ﾠpolitically	 ﾠdangerous	 ﾠin	 ﾠthe	 ﾠUSSR,	 ﾠas	 ﾠit	 ﾠwould	 ﾠrequire	 ﾠa	 ﾠgreat	 ﾠdeal	 ﾠof	 ﾠmassaging	 ﾠof	 ﾠsensitive	 ﾠdata.	 ﾠ  10 
We	 ﾠexploit	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠSoviet	 ﾠand	 ﾠAmerican	 ﾠmathematicians	 ﾠdid	 ﾠnot	 ﾠchoose	 ﾠtheir	 ﾠ
specializations	 ﾠin	 ﾠthe	 ﾠ1970s	 ﾠand	 ﾠ1980s	 ﾠin	 ﾠthe	 ﾠbelief	 ﾠthat	 ﾠthey	 ﾠwould	 ﾠsoon	 ﾠhave	 ﾠan	 ﾠ
opportunity	 ﾠto	 ﾠco-ﾭ‐author	 ﾠpapers,	 ﾠcompete	 ﾠfor	 ﾠpages	 ﾠin	 ﾠthe	 ﾠsame	 ﾠjournals,	 ﾠand	 ﾠapply	 ﾠfor	 ﾠjobs	 ﾠ
at	 ﾠthe	 ﾠsame	 ﾠuniversities.	 ﾠThe	 ﾠconsensus	 ﾠamong	 ﾠboth	 ﾠSoviet	 ﾠand	 ﾠAmerican	 ﾠexperts	 ﾠalmost	 ﾠ
immediately	 ﾠbefore	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠcommunism	 ﾠwas	 ﾠthat	 ﾠthe	 ﾠpolitical	 ﾠsystem	 ﾠof	 ﾠthe	 ﾠexisting	 ﾠ
Soviet	 ﾠstate	 ﾠwas	 ﾠnot	 ﾠripe	 ﾠfor	 ﾠa	 ﾠsudden	 ﾠchange.	 ﾠWalter	 ﾠLaqueur	 ﾠ(1996,	 ﾠp.	 ﾠ65)	 ﾠdescribes	 ﾠhow	 ﾠ
in	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠitself,	 ﾠ“most	 ﾠbelieved	 ﾠthe	 ﾠsystem	 ﾠwas	 ﾠso	 ﾠstrong	 ﾠthat	 ﾠit	 ﾠwould	 ﾠnever	 ﾠ
essentially	 ﾠchange.	 ﾠOthers,	 ﾠmore	 ﾠoptimistic,	 ﾠthought	 ﾠthat	 ﾠchange	 ﾠwas	 ﾠperhaps	 ﾠpossible	 ﾠover	 ﾠ
a	 ﾠlong	 ﾠperiod—decades,	 ﾠor	 ﾠmore	 ﾠlikely,	 ﾠgenerations.”	 ﾠIn	 ﾠthe	 ﾠWest,	 ﾠLaqueur	 ﾠ(1996,	 ﾠp.	 ﾠ99)	 ﾠ
reports	 ﾠthat	 ﾠSovietologists	 ﾠwere	 ﾠtaken	 ﾠby	 ﾠsurprise:	 ﾠ“The	 ﾠU.S.	 ﾠgovernment	 ﾠ(like	 ﾠmost	 ﾠothers)	 ﾠ
had	 ﾠenormously	 ﾠoverrated	 ﾠSoviet	 ﾠeconomic	 ﾠperformance.	 ﾠ.	 ﾠ.According	 ﾠto	 ﾠa	 ﾠstudy	 ﾠpublished	 ﾠ
as	 ﾠlate	 ﾠas	 ﾠ1988	 ﾠby	 ﾠa	 ﾠwell-ﾭ‐known	 ﾠWestern	 ﾠeconomist	 ﾠspecializing	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠSoviet	 ﾠ
citizens	 ﾠenjoyed	 ﾠ‘massive	 ﾠeconomic	 ﾠsecurity’	 ﾠ.	 ﾠ.	 ﾠ.	 ﾠthe	 ﾠconsensus	 ﾠwas	 ﾠthat	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠ
was	 ﾠnot	 ﾠon	 ﾠthe	 ﾠverge	 ﾠof	 ﾠeconomic	 ﾠbankruptcy	 ﾠand	 ﾠpolitical	 ﾠdisintegration.”	 ﾠ
Thus,	 ﾠthe	 ﾠdivergent	 ﾠinterests	 ﾠand	 ﾠcapabilities	 ﾠof	 ﾠSoviet	 ﾠand	 ﾠAmerican	 ﾠmathematics	 ﾠ
that	 ﾠhad	 ﾠemerged	 ﾠin	 ﾠearlier	 ﾠdecades	 ﾠwere	 ﾠnot	 ﾠlikely	 ﾠto	 ﾠhave	 ﾠbeen	 ﾠmodified	 ﾠin	 ﾠthe	 ﾠ1980s	 ﾠby	 ﾠ
any	 ﾠserious	 ﾠbelief	 ﾠthat	 ﾠthe	 ﾠSoviet	 ﾠisolation	 ﾠwould	 ﾠsoon	 ﾠend.	 ﾠAs	 ﾠFigure	 ﾠII	 ﾠshows,	 ﾠthe	 ﾠ
negligible	 ﾠpre-ﾭ‐1990	 ﾠrate	 ﾠof	 ﾠco-ﾭ‐authorship	 ﾠbetween	 ﾠmathematicians	 ﾠreporting	 ﾠSoviet	 ﾠ
research	 ﾠaddresses	 ﾠand	 ﾠmathematicians	 ﾠreporting	 ﾠU.S.	 ﾠaddresses	 ﾠdoes	 ﾠnot	 ﾠengender	 ﾠthe	 ﾠ
hope	 ﾠthat	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠsuch	 ﾠcollaborations	 ﾠwould	 ﾠsuddenly	 ﾠexplode.	 ﾠ
	 ﾠ Around	 ﾠ1990,	 ﾠas	 ﾠthe	 ﾠpolitical	 ﾠsituation	 ﾠchanged	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠa	 ﾠlarge	 ﾠnumber	 ﾠ
of	 ﾠSoviet	 ﾠmathematicians	 ﾠbegan	 ﾠto	 ﾠcome	 ﾠinto	 ﾠregular	 ﾠcontact	 ﾠwith	 ﾠWestern	 ﾠmathematicians	 ﾠ
through	 ﾠvisits	 ﾠand	 ﾠimmigration.	 ﾠAccording	 ﾠto	 ﾠAmerican	 ﾠmathematicians	 ﾠwho	 ﾠwitnessed	 ﾠthis	 ﾠ  11 
sudden	 ﾠincrease	 ﾠin	 ﾠcontact	 ﾠopportunities,	 ﾠthe	 ﾠeffect	 ﾠon	 ﾠAmerican	 ﾠmathematics	 ﾠwas	 ﾠ
immediate.	 ﾠIn	 ﾠ1990,	 ﾠthe	 ﾠNew	 ﾠYork	 ﾠTimes	 ﾠreported	 ﾠ(Kolata	 ﾠ1990):	 ﾠ
“American	 ﾠscientists	 ﾠsay	 ﾠthey	 ﾠhave	 ﾠbenefited	 ﾠimmensely	 ﾠfrom	 ﾠthe	 ﾠ[recent]	 ﾠ
Soviet	 ﾠvisitors.	 ﾠ.	 ﾠ.	 ﾠPersi	 ﾠDiaconis,	 ﾠa	 ﾠmathematician	 ﾠat	 ﾠHarvard,	 ﾠsaid:	 ﾠ‘It's	 ﾠbeen	 ﾠ
fantastic.	 ﾠYou	 ﾠjust	 ﾠhave	 ﾠa	 ﾠtotally	 ﾠfresh	 ﾠset	 ﾠof	 ﾠinsights	 ﾠand	 ﾠresults.’	 ﾠDr.	 ﾠDiaconis	 ﾠ
said	 ﾠhe	 ﾠrecently	 ﾠasked	 ﾠ[Soviet	 ﾠmathematician]	 ﾠDr.	 ﾠReshetikhin	 ﾠfor	 ﾠhelp	 ﾠwith	 ﾠa	 ﾠ
problem	 ﾠthat	 ﾠhad	 ﾠstumped	 ﾠhim	 ﾠfor	 ﾠ20	 ﾠyears.	 ﾠ‘I	 ﾠhad	 ﾠasked	 ﾠeveryone	 ﾠin	 ﾠ
America	 ﾠwho	 ﾠhad	 ﾠany	 ﾠchance	 ﾠof	 ﾠknowing’	 ﾠhow	 ﾠto	 ﾠsolve	 ﾠa	 ﾠproblem	 ﾠ.	 ﾠ.	 ﾠ.	 ﾠNo	 ﾠone	 ﾠ
could	 ﾠhelp.	 ﾠBut	 ﾠ.	 ﾠ.	 ﾠ.	 ﾠSoviet	 ﾠscientists	 ﾠhad	 ﾠdone	 ﾠa	 ﾠlot	 ﾠof	 ﾠwork	 ﾠon	 ﾠsuch	 ﾠproblems.	 ﾠ
‘It	 ﾠwas	 ﾠa	 ﾠwhole	 ﾠnew	 ﾠworld	 ﾠI	 ﾠhad	 ﾠaccess	 ﾠto,’	 ﾠDr.	 ﾠDiaconis	 ﾠsaid.	 ﾠ‘Together,	 ﾠwe'll	 ﾠ
be	 ﾠable	 ﾠto	 ﾠsolve	 ﾠthe	 ﾠproblem.’”	 ﾠ
	 ﾠ
	 ﾠ Inevitably,	 ﾠthe	 ﾠAmerican	 ﾠmathematical	 ﾠcommunity	 ﾠalso	 ﾠexperienced	 ﾠincreased	 ﾠ
competition	 ﾠin	 ﾠhiring.10	 ﾠThe	 ﾠAmerican	 ﾠMathematical	 ﾠSociety’s	 ﾠ1991-ﾭ‐1992	 ﾠAcademic	 ﾠHiring	 ﾠ
Survey	 ﾠreports	 ﾠthat:	 ﾠ“Citizens	 ﾠof	 ﾠEastern	 ﾠEuropean	 ﾠcountries	 ﾠand	 ﾠthe	 ﾠformer	 ﾠSoviet	 ﾠUnion	 ﾠ
accounted	 ﾠfor	 ﾠ13%	 ﾠof	 ﾠall	 ﾠnewly-ﾭ‐hired	 ﾠfaculty	 ﾠand	 ﾠ15%	 ﾠof	 ﾠthe	 ﾠtenured	 ﾠand	 ﾠtenure-ﾭ‐eligible	 ﾠ
new	 ﾠhires”	 ﾠ(McClure	 ﾠ1992,	 ﾠp.	 ﾠ311).	 ﾠThe	 ﾠreport	 ﾠalso	 ﾠidentifies	 ﾠ“increased	 ﾠnumbers	 ﾠof	 ﾠhighly	 ﾠ
qualified	 ﾠrecent	 ﾠU.S.	 ﾠimmigrants	 ﾠseeking	 ﾠemployment	 ﾠin	 ﾠacademia”	 ﾠas	 ﾠa	 ﾠleading	 ﾠcause	 ﾠof	 ﾠthe	 ﾠ
unprecedented	 ﾠ12	 ﾠpercent	 ﾠunemployment	 ﾠrate	 ﾠof	 ﾠnew	 ﾠAmerican	 ﾠmathematics	 ﾠPh.Ds.	 ﾠin	 ﾠ
1991	 ﾠ(McClure	 ﾠ1992,	 ﾠp.	 ﾠ312).11	 ﾠFigure	 ﾠIII	 ﾠillustrates	 ﾠthe	 ﾠemployment	 ﾠtrends	 ﾠof	 ﾠnewly	 ﾠ
minted	 ﾠdoctorates	 ﾠfrom	 ﾠNorth	 ﾠAmerican	 ﾠinstitutions.	 ﾠIt	 ﾠis	 ﾠevident	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠa	 ﾠdramatic	 ﾠ
increase	 ﾠin	 ﾠthe	 ﾠunemployment	 ﾠrate	 ﾠ(as	 ﾠwell	 ﾠas	 ﾠa	 ﾠdramatic	 ﾠdecrease	 ﾠin	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
10	 ﾠFor	 ﾠexample,	 ﾠSoviet	 ﾠmathematician	 ﾠNicolai	 ﾠReshetikhin	 ﾠnot	 ﾠonly	 ﾠhelped	 ﾠProfessor	 ﾠDiaconis	 ﾠwith	 ﾠhis	 ﾠpuzzle,	 ﾠ
but	 ﾠalso	 ﾠaccepted	 ﾠa	 ﾠjob	 ﾠas	 ﾠa	 ﾠVisiting	 ﾠand	 ﾠAssistant	 ﾠProfessor	 ﾠat	 ﾠHarvard	 ﾠfrom	 ﾠ1989	 ﾠthrough	 ﾠ1991.	 ﾠ	 ﾠ
11	 ﾠAt	 ﾠthe	 ﾠsame	 ﾠtime	 ﾠthat	 ﾠthe	 ﾠunemployment	 ﾠrate	 ﾠof	 ﾠnewly	 ﾠminted	 ﾠmathematicians	 ﾠwas	 ﾠrising	 ﾠrapidly	 ﾠin	 ﾠthe	 ﾠ
early	 ﾠ1990s,	 ﾠthe	 ﾠeconomy-ﾭ‐wide	 ﾠunemployment	 ﾠrate	 ﾠfor	 ﾠcollege	 ﾠgraduates	 ﾠwas	 ﾠfalling	 ﾠfrom	 ﾠ3.2	 ﾠto	 ﾠ2.2	 ﾠpercent	 ﾠ
between	 ﾠ1992	 ﾠand	 ﾠ1996.	 ﾠ  12 
obtaining	 ﾠa	 ﾠposition	 ﾠin	 ﾠresearch	 ﾠuniversities)	 ﾠat	 ﾠthe	 ﾠsame	 ﾠtime	 ﾠthat	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠwas	 ﾠ
occurring.12	 ﾠ
	 ﾠ It	 ﾠis	 ﾠclear	 ﾠthat	 ﾠthe	 ﾠability	 ﾠto	 ﾠcommunicate	 ﾠand	 ﾠcollaborate	 ﾠon	 ﾠa	 ﾠone-ﾭ‐to-ﾭ‐one	 ﾠbasis	 ﾠ(and	 ﾠ
especially	 ﾠemigrate)	 ﾠincreased	 ﾠgreatly	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠAs	 ﾠDiaconis	 ﾠ
discovered,	 ﾠideas	 ﾠand	 ﾠknowledge	 ﾠbecame	 ﾠmuch	 ﾠeasier	 ﾠto	 ﾠshare.	 ﾠThe	 ﾠeconomics	 ﾠof	 ﾠ
innovation	 ﾠliterature	 ﾠdistinguishes	 ﾠbetween	 ﾠtwo	 ﾠbroad	 ﾠtypes	 ﾠof	 ﾠknowledge:	 ﾠcodified	 ﾠ
knowledge	 ﾠand	 ﾠtacit	 ﾠknowledge.	 ﾠCodified	 ﾠmathematical	 ﾠknowledge	 ﾠis	 ﾠrecorded	 ﾠin	 ﾠjournal	 ﾠ
articles	 ﾠand	 ﾠbooks,	 ﾠwhile	 ﾠtacit	 ﾠknowledge	 ﾠis	 ﾠpart	 ﾠof	 ﾠthe	 ﾠun-ﾭ‐codified	 ﾠhuman	 ﾠcapital	 ﾠof	 ﾠ
mathematical	 ﾠpractitioners.13	 ﾠ
Both	 ﾠcodified	 ﾠand	 ﾠtacit	 ﾠmathematical	 ﾠknowledge	 ﾠwere	 ﾠcostly	 ﾠto	 ﾠshare	 ﾠduring	 ﾠthe	 ﾠ
Soviet	 ﾠera,	 ﾠeven	 ﾠthough	 ﾠtranslations	 ﾠof	 ﾠSoviet	 ﾠpapers	 ﾠin	 ﾠacademic	 ﾠjournals	 ﾠwere	 ﾠoften	 ﾠ
available.14	 ﾠMoreover,	 ﾠsome	 ﾠof	 ﾠthe	 ﾠcodified	 ﾠknowledge	 ﾠremained	 ﾠun-ﾭ‐translated.	 ﾠSoviet	 ﾠ
scientists	 ﾠoften	 ﾠpublished	 ﾠtheir	 ﾠbest	 ﾠwork	 ﾠin	 ﾠbooks:	 ﾠ“The	 ﾠRussians	 ﾠare	 ﾠprolific	 ﾠproducers	 ﾠof	 ﾠ
books	 ﾠ.	 ﾠ.	 ﾠ.	 ﾠand	 ﾠthe	 ﾠconsensus	 ﾠof	 ﾠexperts	 ﾠis	 ﾠthat	 ﾠthe	 ﾠbest	 ﾠRussian	 ﾠauthors	 ﾠreserve	 ﾠsome	 ﾠof	 ﾠ
their	 ﾠbest	 ﾠwork	 ﾠfor	 ﾠbooks	 ﾠwhich	 ﾠoften	 ﾠconstitute	 ﾠfirst	 ﾠpublication	 ﾠof	 ﾠimportant	 ﾠresearch	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
12	 ﾠThe	 ﾠexodus	 ﾠof	 ﾠkey	 ﾠscientific	 ﾠpersonnel	 ﾠfrom	 ﾠthe	 ﾠformer	 ﾠSoviet	 ﾠUnion	 ﾠto	 ﾠthe	 ﾠWest	 ﾠled	 ﾠGeorge	 ﾠSoros	 ﾠto	 ﾠ
establish	 ﾠa	 ﾠprogram	 ﾠthat	 ﾠprovided	 ﾠresearch	 ﾠfunds	 ﾠto	 ﾠthose	 ﾠscientists	 ﾠwho	 ﾠchose	 ﾠto	 ﾠremain;	 ﾠsee	 ﾠGanguli	 ﾠ(2010)	 ﾠ
for	 ﾠan	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthis	 ﾠprogram	 ﾠon	 ﾠcareer	 ﾠchoices.	 ﾠ
13	 ﾠ“Typically,	 ﾠnew	 ﾠknowledge	 ﾠand	 ﾠexpertise	 ﾠhave	 ﾠa	 ﾠbroad	 ﾠtacit	 ﾠdimension,	 ﾠmeaning	 ﾠthat	 ﾠthey	 ﾠare	 ﾠneither	 ﾠ
articulated	 ﾠnor	 ﾠcodified.	 ﾠTacit	 ﾠknowledge	 ﾠresides	 ﾠin	 ﾠpeople,	 ﾠinstitutions,	 ﾠor	 ﾠroutines”	 ﾠ(Foray	 ﾠ2004,	 ﾠpp.	 ﾠ17-ﾭ‐18).	 ﾠ
14	 ﾠThe	 ﾠNational	 ﾠScience	 ﾠFoundation,	 ﾠAmerican	 ﾠscientific	 ﾠsocieties,	 ﾠand	 ﾠprivate	 ﾠbusinesses	 ﾠhad	 ﾠbegun	 ﾠ
translating	 ﾠSoviet	 ﾠscientific	 ﾠjournals	 ﾠfrom	 ﾠRussian	 ﾠinto	 ﾠEnglish	 ﾠas	 ﾠfar	 ﾠback	 ﾠas	 ﾠ1949	 ﾠ(O’Dette	 ﾠ1957).	 ﾠIt	 ﾠwould	 ﾠ
seem,	 ﾠtherefore,	 ﾠthat	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠrepresents	 ﾠbut	 ﾠa	 ﾠtrivial	 ﾠchange	 ﾠin	 ﾠthe	 ﾠcost	 ﾠof	 ﾠobtaining	 ﾠ
access	 ﾠto	 ﾠthe	 ﾠspecific	 ﾠtype	 ﾠof	 ﾠcodified	 ﾠknowledge	 ﾠcontained	 ﾠin	 ﾠjournal	 ﾠarticles.	 ﾠBut	 ﾠthe	 ﾠcitations	 ﾠresults	 ﾠ
described	 ﾠbelow	 ﾠsuggest	 ﾠthat	 ﾠAmericans	 ﾠmay	 ﾠnot	 ﾠhave	 ﾠread	 ﾠas	 ﾠmuch	 ﾠSoviet	 ﾠwork	 ﾠas	 ﾠwould	 ﾠbe	 ﾠexpected,	 ﾠand	 ﾠ
history	 ﾠrecords	 ﾠfamous	 ﾠexamples	 ﾠof	 ﾠAmerican	 ﾠunfamiliarity	 ﾠwith	 ﾠimportant	 ﾠSoviet	 ﾠjournal	 ﾠarticles	 ﾠthat	 ﾠwere	 ﾠ
available	 ﾠduring	 ﾠthe	 ﾠCold	 ﾠWar:	 ﾠ“…Even	 ﾠwhen	 ﾠhigh-ﾭ‐quality	 ﾠtranslations	 ﾠare	 ﾠreadily	 ﾠavailable,	 ﾠthe	 ﾠinformation	 ﾠ
can	 ﾠstill	 ﾠbe	 ﾠlost	 ﾠif	 ﾠthey	 ﾠare	 ﾠnot	 ﾠread.	 ﾠ.	 ﾠ.	 ﾠ.	 ﾠIn	 ﾠJanuary	 ﾠ1962,	 ﾠthe	 ﾠNational	 ﾠAeronautics	 ﾠand	 ﾠSpace	 ﾠAdministration	 ﾠ
announced	 ﾠthat	 ﾠExplorer	 ﾠXII,	 ﾠa	 ﾠsatellite	 ﾠlaunched	 ﾠin	 ﾠAugust	 ﾠ1961,	 ﾠhad	 ﾠdiscovered	 ﾠa	 ﾠnew	 ﾠradiation	 ﾠbelt	 ﾠwith	 ﾠan	 ﾠ
'unexpected	 ﾠboundary'	 ﾠat	 ﾠ40,000	 ﾠmiles	 ﾠfrom	 ﾠthe	 ﾠearth.	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠsame	 ﾠbelt	 ﾠwas	 ﾠdiscovered	 ﾠby	 ﾠSoviet	 ﾠrockets	 ﾠ
in	 ﾠ1959	 ﾠand	 ﾠthis	 ﾠwas	 ﾠreported	 ﾠin	 ﾠtranslations	 ﾠof	 ﾠSoviet	 ﾠPhysics	 ﾠDolkady	 ﾠin	 ﾠ1960	 ﾠand	 ﾠSoviet	 ﾠAstronomy	 ﾠAJ	 ﾠin	 ﾠ
1961”	 ﾠ(Tybulewicz	 ﾠ1970,	 ﾠpp.	 ﾠ55-ﾭ‐56).	 ﾠ  13 
information”	 ﾠ(O’Dette	 ﾠ1957,	 ﾠp.	 ﾠ581).	 ﾠBut	 ﾠeven	 ﾠthough	 ﾠmathematics	 ﾠbooks	 ﾠcontained	 ﾠsome	 ﾠ
of	 ﾠthe	 ﾠmost	 ﾠimportant	 ﾠSoviet	 ﾠresults,	 ﾠAbramitzky	 ﾠand	 ﾠSen	 ﾠ(2011)	 ﾠreport	 ﾠthat	 ﾠthe	 ﾠtranslation	 ﾠ
rate	 ﾠof	 ﾠhard-ﾭ‐science	 ﾠEastern	 ﾠBloc	 ﾠbooks	 ﾠinto	 ﾠEnglish	 ﾠwas	 ﾠextremely	 ﾠlow.	 ﾠAfter	 ﾠthe	 ﾠcollapse	 ﾠ
of	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠtacit	 ﾠmathematical	 ﾠknowledge	 ﾠand	 ﾠan	 ﾠeasy	 ﾠintroduction	 ﾠto	 ﾠthe	 ﾠcodified	 ﾠ
knowledge	 ﾠwere	 ﾠas	 ﾠclose	 ﾠas	 ﾠa	 ﾠphone	 ﾠcall,	 ﾠan	 ﾠunobstructed	 ﾠcorrespondence,	 ﾠor	 ﾠeven	 ﾠa	 ﾠknock	 ﾠ
on	 ﾠthe	 ﾠoffice	 ﾠnext	 ﾠdoor.15	 ﾠ
Evidence	 ﾠof	 ﾠthis	 ﾠknowledge	 ﾠshock	 ﾠis	 ﾠapparent	 ﾠin	 ﾠthe	 ﾠcitation	 ﾠtrends	 ﾠof	 ﾠAmerican	 ﾠ
mathematicians	 ﾠto	 ﾠSoviet	 ﾠand	 ﾠAmerican	 ﾠarticles.	 ﾠFigures	 ﾠIVa	 ﾠand	 ﾠIVb	 ﾠshow	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
citations	 ﾠthat	 ﾠAmerican	 ﾠmathematicians	 ﾠmade	 ﾠto	 ﾠother	 ﾠAmerican	 ﾠpapers	 ﾠduring	 ﾠthe	 ﾠperiod,	 ﾠ
as	 ﾠwell	 ﾠas	 ﾠthe	 ﾠcitations	 ﾠAmericans	 ﾠmade	 ﾠto	 ﾠSoviet	 ﾠpapers	 ﾠ(defined	 ﾠas	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠ
an	 ﾠauthor	 ﾠusing	 ﾠa	 ﾠSoviet	 ﾠaffiliation).16	 ﾠBoth	 ﾠbefore	 ﾠand	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠ
Union,	 ﾠmost	 ﾠAmerican	 ﾠmathematicians	 ﾠexhibit	 ﾠ“home	 ﾠbias,”	 ﾠpreferring	 ﾠto	 ﾠcite	 ﾠresults	 ﾠin	 ﾠ
other	 ﾠAmerican	 ﾠpapers.	 ﾠConsidering	 ﾠthat	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠAmerican	 ﾠpapers	 ﾠwas	 ﾠonly	 ﾠ
three	 ﾠtimes	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠthis	 ﾠhome	 ﾠbias	 ﾠis	 ﾠextreme.	 ﾠNevertheless,	 ﾠthere	 ﾠis	 ﾠa	 ﾠ
substantial	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠto	 ﾠSoviet	 ﾠpapers	 ﾠafter	 ﾠ1990.	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠ
share	 ﾠof	 ﾠAmerican	 ﾠcitations	 ﾠto	 ﾠSoviet	 ﾠresearch	 ﾠapproximately	 ﾠtripled.	 ﾠIt	 ﾠis	 ﾠremarkable	 ﾠthat	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
15	 ﾠThe	 ﾠinadequacy	 ﾠof	 ﾠthe	 ﾠinternational	 ﾠphone	 ﾠinfrastructure	 ﾠduring	 ﾠthe	 ﾠSoviet	 ﾠera	 ﾠis	 ﾠlegendary,	 ﾠmaking	 ﾠ
scientific	 ﾠcollaboration	 ﾠharder,	 ﾠbut	 ﾠundoubtedly	 ﾠmaking	 ﾠthe	 ﾠKGB’s	 ﾠjob	 ﾠof	 ﾠhampering	 ﾠsuch	 ﾠcollaboration	 ﾠeasier:	 ﾠ	 ﾠ
“The	 ﾠinternational	 ﾠtelephone	 ﾠtransit	 ﾠcenter	 ﾠin	 ﾠMoscow	 ﾠ.	 ﾠ.	 ﾠ.	 ﾠhas	 ﾠa	 ﾠcapacity	 ﾠof	 ﾠ1,500	 ﾠcircuits	 ﾠ.	 ﾠ.	 ﾠ.This	 ﾠexchange	 ﾠhas	 ﾠ
to	 ﾠhandle	 ﾠall	 ﾠthe	 ﾠinternational	 ﾠcalls	 ﾠfrom	 ﾠthe	 ﾠRSFSR	 ﾠ[Russian	 ﾠRepublic],	 ﾠas	 ﾠwell	 ﾠas	 ﾠcalls	 ﾠin	 ﾠtransit	 ﾠfrom	 ﾠthe	 ﾠ
other	 ﾠrepublics	 ﾠand	 ﾠfrom	 ﾠa	 ﾠnumber	 ﾠof	 ﾠEastern	 ﾠEuropean	 ﾠand	 ﾠother	 ﾠsocialist	 ﾠcountries.	 ﾠSince	 ﾠit	 ﾠallows	 ﾠa	 ﾠ
maximum	 ﾠof	 ﾠaround	 ﾠ800	 ﾠoutgoing	 ﾠcalls	 ﾠat	 ﾠany	 ﾠone	 ﾠtime,	 ﾠit	 ﾠconstitutes	 ﾠa	 ﾠmajor	 ﾠbottleneck	 ﾠin	 ﾠcommunications	 ﾠ
between	 ﾠthe	 ﾠUSSR	 ﾠand	 ﾠthe	 ﾠrest	 ﾠof	 ﾠthe	 ﾠworld.	 ﾠMoreover,	 ﾠmost	 ﾠcircuits	 ﾠare	 ﾠdedicated	 ﾠto	 ﾠlinks	 ﾠwith	 ﾠEastern	 ﾠ
European	 ﾠand	 ﾠother	 ﾠsocialist	 ﾠcountries;	 ﾠthere	 ﾠare,	 ﾠfor	 ﾠexample	 ﾠonly	 ﾠ40	 ﾠcircuits	 ﾠfor	 ﾠcalls	 ﾠto	 ﾠthe	 ﾠUnited	 ﾠ
Kingdom,	 ﾠ25	 ﾠto	 ﾠFrance	 ﾠand	 ﾠ16	 ﾠto	 ﾠthe	 ﾠUnited	 ﾠStates”	 ﾠ(IMF	 ﾠ1991,	 ﾠp.	 ﾠ128).	 ﾠ
16	 ﾠSince	 ﾠan	 ﾠauthor’s	 ﾠgeographic	 ﾠlocation	 ﾠis	 ﾠonly	 ﾠrarely	 ﾠavailable	 ﾠbefore	 ﾠ1978,	 ﾠwe	 ﾠconstruct	 ﾠthe	 ﾠstatistic	 ﾠas	 ﾠ
follows.	 ﾠThe	 ﾠnumerator	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠto	 ﾠAmerican	 ﾠ(or	 ﾠSoviet)	 ﾠpapers	 ﾠwritten	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ
year	 ﾠt	 ﾠmade	 ﾠby	 ﾠAmerican	 ﾠpapers	 ﾠwritten	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠt.	 ﾠThe	 ﾠdenominator	 ﾠis	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠ
citations	 ﾠto	 ﾠpapers	 ﾠwith	 ﾠa	 ﾠvalid	 ﾠresearch	 ﾠaddress	 ﾠwritten	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠt	 ﾠmade	 ﾠby	 ﾠAmerican	 ﾠpapers	 ﾠ
written	 ﾠduring	 ﾠthat	 ﾠtime.	 ﾠ  14 
Soviet	 ﾠpapers	 ﾠshould	 ﾠbecome	 ﾠmuch	 ﾠmore	 ﾠcited	 ﾠsince	 ﾠmany	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion’s	 ﾠbest	 ﾠ
mathematicians	 ﾠhad	 ﾠemigrated,	 ﾠand	 ﾠmany	 ﾠof	 ﾠthem	 ﾠwere	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠIt	 ﾠis	 ﾠequally	 ﾠ
remarkable	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠalso	 ﾠan	 ﾠincrease	 ﾠin	 ﾠcitations	 ﾠto	 ﾠ“old”	 ﾠSoviet	 ﾠwork	 ﾠ(i.e.,	 ﾠpapers	 ﾠ
written	 ﾠbefore	 ﾠthe	 ﾠfall	 ﾠof	 ﾠcommunism).	 ﾠRelative	 ﾠto	 ﾠits	 ﾠpre-ﾭ‐treatment	 ﾠtrend,	 ﾠthe	 ﾠcitation	 ﾠ
share	 ﾠof	 ﾠ“old”	 ﾠSoviet	 ﾠpapers	 ﾠout	 ﾠof	 ﾠthe	 ﾠcitations	 ﾠto	 ﾠall	 ﾠpapers	 ﾠbecame	 ﾠ40	 ﾠpercent	 ﾠhigher	 ﾠ
after	 ﾠthe	 ﾠfall.17	 ﾠ	 ﾠ
	 ﾠ In	 ﾠsum,	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠwas	 ﾠassociated	 ﾠwith	 ﾠa	 ﾠdecrease	 ﾠin	 ﾠthe	 ﾠcost	 ﾠof	 ﾠ
accessing	 ﾠboth	 ﾠcodified	 ﾠand	 ﾠtacit	 ﾠknowledge,	 ﾠand	 ﾠthe	 ﾠresulting	 ﾠdiaspora	 ﾠof	 ﾠSoviet	 ﾠ
mathematicians	 ﾠafter	 ﾠ1992	 ﾠled	 ﾠto	 ﾠboth	 ﾠa	 ﾠmathematical	 ﾠlabor	 ﾠsupply	 ﾠshock	 ﾠand	 ﾠa	 ﾠ
mathematical	 ﾠknowledge	 ﾠshock	 ﾠin	 ﾠmany	 ﾠcountries.	 ﾠ
	 ﾠ
III. Data and Summary Statistics 
	 ﾠ Our	 ﾠdata	 ﾠare	 ﾠdrawn	 ﾠfrom	 ﾠthree	 ﾠdistinct,	 ﾠbut	 ﾠrelated	 ﾠsources.	 ﾠThe	 ﾠSupplementary	 ﾠ
Data	 ﾠAppendix	 ﾠgives	 ﾠa	 ﾠmore	 ﾠdetailed	 ﾠdescription	 ﾠof	 ﾠthe	 ﾠdata	 ﾠsets	 ﾠand	 ﾠthe	 ﾠconstruction	 ﾠof	 ﾠ
the	 ﾠsamples.	 ﾠ
First,	 ﾠthe	 ﾠAmerican	 ﾠMathematical	 ﾠSociety	 ﾠ(AMS)	 ﾠprovided	 ﾠus	 ﾠwith	 ﾠa	 ﾠdatabase	 ﾠthat	 ﾠ
reports	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠevery	 ﾠmathematician,	 ﾠby	 ﾠfield	 ﾠand	 ﾠyear.18	 ﾠIn	 ﾠ
addition	 ﾠto	 ﾠthe	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers,	 ﾠthe	 ﾠAMS	 ﾠdata	 ﾠreports	 ﾠthe	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
17	 ﾠTo	 ﾠcalculate	 ﾠthe	 ﾠfrequency	 ﾠof	 ﾠcitations	 ﾠmade	 ﾠby	 ﾠAmerican	 ﾠpapers	 ﾠto	 ﾠpre-ﾭ‐1990	 ﾠSoviet	 ﾠpapers,	 ﾠwe	 ﾠcalculated	 ﾠ
the	 ﾠfollowing	 ﾠfraction:	 ﾠthe	 ﾠdenominator	 ﾠis	 ﾠcitations	 ﾠmade	 ﾠby	 ﾠAmerican	 ﾠpapers	 ﾠpublished	 ﾠeach	 ﾠyear	 ﾠto	 ﾠany	 ﾠ
papers	 ﾠwith	 ﾠidentifiable	 ﾠresearch	 ﾠaddresses	 ﾠwritten	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ1989;	 ﾠthe	 ﾠnumerator	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
such	 ﾠcitations	 ﾠto	 ﾠpapers	 ﾠthat	 ﾠhad	 ﾠat	 ﾠleast	 ﾠone	 ﾠauthor	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠWe	 ﾠthen	 ﾠestimated	 ﾠa	 ﾠsimple	 ﾠ
regression	 ﾠof	 ﾠthe	 ﾠlog	 ﾠcitation	 ﾠshare	 ﾠon:	 ﾠyear,	 ﾠyear	 ﾠsquared,	 ﾠand	 ﾠa	 ﾠpost-ﾭ‐1990	 ﾠindicator	 ﾠvariable.	 ﾠThe	 ﾠmodel’s	 ﾠfit	 ﾠ
is	 ﾠimproved	 ﾠsubstantially	 ﾠby	 ﾠthe	 ﾠinclusion	 ﾠof	 ﾠthe	 ﾠpost-ﾭ‐1990	 ﾠdummy	 ﾠvariable,	 ﾠand	 ﾠits	 ﾠcoefficient	 ﾠimplies	 ﾠa	 ﾠ40	 ﾠ
percent	 ﾠincrease	 ﾠin	 ﾠAmerican	 ﾠattention	 ﾠto	 ﾠpre-ﾭ‐1990	 ﾠSoviet	 ﾠwork	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠ
18	 ﾠThe	 ﾠAMS	 ﾠfile	 ﾠprovided	 ﾠto	 ﾠus	 ﾠcontains	 ﾠinformation	 ﾠfor	 ﾠall	 ﾠmathematicians	 ﾠwho	 ﾠhave	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠ
paper	 ﾠsince	 ﾠ1939.	 ﾠ  15 
mathematician’s	 ﾠinstitutional	 ﾠaffiliation	 ﾠat	 ﾠthe	 ﾠtime	 ﾠthe	 ﾠpaper	 ﾠwas	 ﾠpublished,	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠ
location	 ﾠof	 ﾠthe	 ﾠaffiliation.	 ﾠThe	 ﾠAMS,	 ﾠhowever,	 ﾠonly	 ﾠbegan	 ﾠto	 ﾠcollect	 ﾠthe	 ﾠaffiliation	 ﾠ
information	 ﾠon	 ﾠa	 ﾠsystematic	 ﾠbasis	 ﾠaround	 ﾠ1984,	 ﾠso	 ﾠthat	 ﾠaffiliation	 ﾠand	 ﾠlocation	 ﾠare	 ﾠnot	 ﾠ
typically	 ﾠavailable	 ﾠfor	 ﾠearlier	 ﾠpapers.	 ﾠThe	 ﾠAMS	 ﾠdatabase	 ﾠalso	 ﾠcontains	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠthe	 ﾠpapers,	 ﾠbut	 ﾠthe	 ﾠAMS	 ﾠcitation	 ﾠdata	 ﾠis	 ﾠincomplete.	 ﾠIn	 ﾠ
particular,	 ﾠit	 ﾠonly	 ﾠcounts	 ﾠcitations	 ﾠin	 ﾠa	 ﾠlimited	 ﾠnumber	 ﾠof	 ﾠjournals	 ﾠ(which	 ﾠinclude	 ﾠthe	 ﾠmost	 ﾠ
important	 ﾠjournals	 ﾠin	 ﾠmathematics),	 ﾠand	 ﾠonly	 ﾠreports	 ﾠthe	 ﾠpost-ﾭ‐2000	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠa	 ﾠ
paper	 ﾠ(regardless	 ﾠof	 ﾠwhen	 ﾠthe	 ﾠpaper	 ﾠwas	 ﾠpublished).	 ﾠ
The	 ﾠAMS	 ﾠdatabase	 ﾠhas	 ﾠtwo	 ﾠfeatures	 ﾠthat	 ﾠmake	 ﾠit	 ﾠinvaluable	 ﾠfor	 ﾠthe	 ﾠtype	 ﾠof	 ﾠempirical	 ﾠ
analysis	 ﾠthat	 ﾠwe	 ﾠconduct	 ﾠin	 ﾠthis	 ﾠpaper.	 ﾠFirst,	 ﾠthe	 ﾠAMS	 ﾠdevotes	 ﾠsignificant	 ﾠresources	 ﾠto	 ﾠ
ensure	 ﾠthat	 ﾠevery	 ﾠperson	 ﾠwho	 ﾠhas	 ﾠever	 ﾠpublished	 ﾠin	 ﾠmathematics	 ﾠis	 ﾠassigned	 ﾠa	 ﾠunique	 ﾠ
numerical	 ﾠID	 ﾠthat	 ﾠallows	 ﾠhim	 ﾠto	 ﾠbe	 ﾠdistinctly	 ﾠidentified	 ﾠeven	 ﾠfrom	 ﾠother	 ﾠmathematicians	 ﾠ
who	 ﾠshare	 ﾠthe	 ﾠsame	 ﾠname.19	 ﾠSecond,	 ﾠthe	 ﾠeditors	 ﾠof	 ﾠMathematical	 ﾠReviews	 ﾠassign	 ﾠeach	 ﾠ
publication	 ﾠin	 ﾠmathematics	 ﾠto	 ﾠone	 ﾠof	 ﾠthe	 ﾠmany	 ﾠfields	 ﾠthat	 ﾠmake	 ﾠup	 ﾠthe	 ﾠstudy	 ﾠof	 ﾠ
mathematics.	 ﾠThe	 ﾠAMS	 ﾠprovided	 ﾠus	 ﾠwith	 ﾠthe	 ﾠauthor-ﾭ‐year-ﾭ‐field	 ﾠinformation	 ﾠat	 ﾠthe	 ﾠtwo-ﾭ‐digit	 ﾠ
field	 ﾠlevel,	 ﾠidentifying	 ﾠpublications	 ﾠby	 ﾠeach	 ﾠmathematician	 ﾠin	 ﾠeach	 ﾠof	 ﾠ63	 ﾠdifferent	 ﾠfields.	 ﾠIn	 ﾠ
short,	 ﾠthe	 ﾠAMS	 ﾠdata	 ﾠgives	 ﾠus	 ﾠa	 ﾠcomplete	 ﾠhistory	 ﾠof	 ﾠa	 ﾠmathematician’s	 ﾠpublications,	 ﾠ
affiliations	 ﾠ(since	 ﾠaround	 ﾠ1984),	 ﾠand	 ﾠfields.	 ﾠ
Our	 ﾠsecond	 ﾠdata	 ﾠsource	 ﾠis	 ﾠthe	 ﾠThomson	 ﾠReuters’	 ﾠInstitute	 ﾠfor	 ﾠScientific	 ﾠInformation	 ﾠ
(ISI)	 ﾠWeb	 ﾠof	 ﾠScience	 ﾠarchive.	 ﾠThis	 ﾠarchive	 ﾠrecords	 ﾠthe	 ﾠtitles,	 ﾠpublication	 ﾠsource,	 ﾠauthor	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
19	 ﾠAs	 ﾠan	 ﾠexample	 ﾠof	 ﾠthis	 ﾠprecision,	 ﾠwe	 ﾠlearned	 ﾠfrom	 ﾠpersonal	 ﾠcommunication	 ﾠwith	 ﾠProfessor	 ﾠVictor	 ﾠKac	 ﾠof	 ﾠMIT	 ﾠ
that	 ﾠafter	 ﾠhe	 ﾠdefected	 ﾠfrom	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠin	 ﾠ1977,	 ﾠhe	 ﾠhad	 ﾠto	 ﾠpublish	 ﾠhis	 ﾠwork	 ﾠwith	 ﾠhis	 ﾠSoviet	 ﾠadvisor	 ﾠ(who	 ﾠ
remained	 ﾠin	 ﾠthe	 ﾠUSSR)	 ﾠunder	 ﾠthe	 ﾠItalian	 ﾠpseudonyms	 ﾠGatti	 ﾠand	 ﾠViniberghi,	 ﾠsince	 ﾠotherwise	 ﾠthe	 ﾠpaper	 ﾠwould	 ﾠ
need	 ﾠspecial	 ﾠpermission	 ﾠfrom	 ﾠthe	 ﾠauthorities	 ﾠto	 ﾠbe	 ﾠpublished	 ﾠabroad.	 ﾠDespite	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠnames	 ﾠ
between	 ﾠGatti	 ﾠand	 ﾠKac,	 ﾠthe	 ﾠAMS	 ﾠdatabase	 ﾠcorrectly	 ﾠlists	 ﾠthe	 ﾠarticle	 ﾠunder	 ﾠthe	 ﾠunique	 ﾠauthor	 ﾠidentifier	 ﾠfor	 ﾠ
Victor	 ﾠKac.	 ﾠ  16 
names,	 ﾠreferences,	 ﾠand	 ﾠcitations	 ﾠof	 ﾠmillions	 ﾠof	 ﾠarticles	 ﾠfrom	 ﾠthousands	 ﾠof	 ﾠjournals	 ﾠ
worldwide.	 ﾠFor	 ﾠmany	 ﾠarticles,	 ﾠthe	 ﾠdatabase	 ﾠreports	 ﾠresearch	 ﾠand	 ﾠreprint	 ﾠaddresses	 ﾠfor	 ﾠeach	 ﾠ
author	 ﾠ(and	 ﾠthe	 ﾠlocation	 ﾠinformation	 ﾠis	 ﾠsystematically	 ﾠavailable	 ﾠsince	 ﾠaround	 ﾠ1978).	 ﾠMost	 ﾠ
important,	 ﾠthe	 ﾠISI	 ﾠdatabase	 ﾠcontains	 ﾠcomplete	 ﾠcitation	 ﾠinformation	 ﾠfor	 ﾠeach	 ﾠarticle	 ﾠin	 ﾠa	 ﾠ
primary	 ﾠset	 ﾠof	 ﾠover	 ﾠ7,000	 ﾠjournals,	 ﾠselected	 ﾠto	 ﾠinclude	 ﾠall	 ﾠof	 ﾠthe	 ﾠmost	 ﾠimportant	 ﾠjournals	 ﾠin	 ﾠ
each	 ﾠfield.	 ﾠArticles	 ﾠin	 ﾠmarginal	 ﾠjournals	 ﾠalso	 ﾠappear	 ﾠin	 ﾠthe	 ﾠdatabase	 ﾠif	 ﾠthey	 ﾠeither	 ﾠcite	 ﾠan	 ﾠ
article	 ﾠin	 ﾠthe	 ﾠprimary	 ﾠdatabase	 ﾠor	 ﾠare	 ﾠcited	 ﾠby	 ﾠsuch	 ﾠan	 ﾠarticle.	 ﾠ
We	 ﾠpurchased	 ﾠthe	 ﾠrecords	 ﾠof	 ﾠall	 ﾠ1.2	 ﾠmillion	 ﾠarticles	 ﾠin	 ﾠthe	 ﾠprimary	 ﾠISI	 ﾠWeb	 ﾠof	 ﾠ
Science	 ﾠdatabase	 ﾠbetween	 ﾠ1970	 ﾠand	 ﾠ2009	 ﾠfor	 ﾠthe	 ﾠfollowing	 ﾠcategories:	 ﾠMathematics,	 ﾠ
Applied	 ﾠMathematics,	 ﾠInterdisciplinary	 ﾠApplications	 ﾠof	 ﾠMathematics,	 ﾠMathematical	 ﾠPhysics,	 ﾠ
and	 ﾠStatistics	 ﾠand	 ﾠProbability.	 ﾠWe	 ﾠalso	 ﾠpurchased	 ﾠthe	 ﾠrecords	 ﾠof	 ﾠthe	 ﾠadditional	 ﾠ4.4	 ﾠmillion	 ﾠ
articles	 ﾠthat	 ﾠare	 ﾠeither	 ﾠreferenced	 ﾠby	 ﾠthese	 ﾠmain	 ﾠarticles	 ﾠor	 ﾠthat	 ﾠcite	 ﾠthese	 ﾠmain	 ﾠarticles.	 ﾠ
The	 ﾠAmerican	 ﾠMathematical	 ﾠSociety	 ﾠthen	 ﾠgave	 ﾠus	 ﾠpermission	 ﾠto	 ﾠconduct	 ﾠa	 ﾠpaper-ﾭ‐by-ﾭ‐paper	 ﾠ
match	 ﾠof	 ﾠour	 ﾠISI	 ﾠdatabase	 ﾠwith	 ﾠthe	 ﾠAMS	 ﾠinternal	 ﾠarchives.	 ﾠWe	 ﾠobtained	 ﾠ882,088	 ﾠmatches	 ﾠ
out	 ﾠof	 ﾠthe	 ﾠ1,753,148	 ﾠjournal	 ﾠarticles	 ﾠin	 ﾠthe	 ﾠAMS	 ﾠdatabase	 ﾠfor	 ﾠthe	 ﾠrelevant	 ﾠperiod,	 ﾠor	 ﾠjust	 ﾠ
slightly	 ﾠover	 ﾠa	 ﾠ50	 ﾠpercent	 ﾠmatch	 ﾠrate.	 ﾠ
The	 ﾠAMS/ISI	 ﾠdatabases	 ﾠprovide	 ﾠtwo	 ﾠalternative	 ﾠmeasures	 ﾠof	 ﾠcitation	 ﾠcounts	 ﾠfor	 ﾠ
mathematicians.	 ﾠNeither	 ﾠmeasure	 ﾠis	 ﾠperfect.	 ﾠThe	 ﾠAMS	 ﾠcitation	 ﾠdata	 ﾠis	 ﾠlimited	 ﾠin	 ﾠscope;	 ﾠit	 ﾠ
canvasses	 ﾠonly	 ﾠa	 ﾠselect	 ﾠnumber	 ﾠof	 ﾠjournals	 ﾠand	 ﾠonly	 ﾠincludes	 ﾠthe	 ﾠpost-ﾭ‐2000	 ﾠcitations	 ﾠmade	 ﾠ
to	 ﾠmathematical	 ﾠpapers.	 ﾠThe	 ﾠISI	 ﾠcitation	 ﾠdata	 ﾠhas	 ﾠa	 ﾠmuch	 ﾠbroader	 ﾠscope	 ﾠ(many	 ﾠmore	 ﾠ
journals)	 ﾠand	 ﾠcounts	 ﾠall	 ﾠcitations	 ﾠto	 ﾠa	 ﾠpaper	 ﾠ(not	 ﾠjust	 ﾠthose	 ﾠmade	 ﾠafter	 ﾠ2000).	 ﾠHowever,	 ﾠISI	 ﾠ
citation	 ﾠcounts	 ﾠare	 ﾠthe	 ﾠresult	 ﾠof	 ﾠan	 ﾠimperfect	 ﾠmatching	 ﾠprocess	 ﾠthat	 ﾠmay	 ﾠbe	 ﾠmissing	 ﾠa	 ﾠ  17 
sizable	 ﾠnumber	 ﾠof	 ﾠmathematicians	 ﾠand	 ﾠpapers.20	 ﾠIn	 ﾠfact,	 ﾠthe	 ﾠmatching	 ﾠprocess	 ﾠis	 ﾠ
particularly	 ﾠproblematic	 ﾠfor	 ﾠforeign	 ﾠcountries	 ﾠwhere	 ﾠthe	 ﾠspelling	 ﾠof	 ﾠauthors’	 ﾠnames	 ﾠcreates	 ﾠ
matching	 ﾠdifficulties	 ﾠ(in	 ﾠparticular,	 ﾠthe	 ﾠSoviet	 ﾠUnion).	 ﾠNot	 ﾠsurprisingly,	 ﾠthe	 ﾠmatch	 ﾠrate	 ﾠfor	 ﾠ
papers	 ﾠwritten	 ﾠbetween	 ﾠ1984	 ﾠand	 ﾠ1989	 ﾠby	 ﾠan	 ﾠauthor	 ﾠusing	 ﾠan	 ﾠAmerican	 ﾠaffiliation	 ﾠis	 ﾠ59	 ﾠ
percent,	 ﾠwhile	 ﾠthe	 ﾠrespective	 ﾠmatch	 ﾠrate	 ﾠfor	 ﾠpapers	 ﾠwritten	 ﾠfor	 ﾠauthors	 ﾠusing	 ﾠa	 ﾠSoviet	 ﾠ
affiliation	 ﾠis	 ﾠ16	 ﾠpercent.	 ﾠOur	 ﾠempirical	 ﾠevidence	 ﾠis	 ﾠrobust	 ﾠto	 ﾠthe	 ﾠcitation	 ﾠmeasure	 ﾠwe	 ﾠuse.	 ﾠ
Nevertheless,	 ﾠwe	 ﾠwill	 ﾠgenerally	 ﾠuse	 ﾠthe	 ﾠISI	 ﾠcitations	 ﾠdata	 ﾠwhen	 ﾠwe	 ﾠexamine	 ﾠthe	 ﾠproductivity	 ﾠ
of	 ﾠAmerican	 ﾠmathematicians,	 ﾠand	 ﾠuse	 ﾠthe	 ﾠAMS	 ﾠdata	 ﾠwhen	 ﾠwe	 ﾠmake	 ﾠinternational	 ﾠ
comparisons.	 ﾠ
Finally,	 ﾠthe	 ﾠMathematics	 ﾠGenealogy	 ﾠProject	 ﾠ(MGP)	 ﾠgave	 ﾠus	 ﾠaccess	 ﾠto	 ﾠtheir	 ﾠentire	 ﾠ
archives.	 ﾠThe	 ﾠMGP	 ﾠprovides	 ﾠdetailed	 ﾠinformation	 ﾠon	 ﾠdoctoral	 ﾠdegrees	 ﾠawarded	 ﾠin	 ﾠ
mathematics	 ﾠsince	 ﾠthe	 ﾠ14th	 ﾠcentury.	 ﾠThe	 ﾠrecord	 ﾠfor	 ﾠeach	 ﾠdegree	 ﾠcontains	 ﾠthe	 ﾠname	 ﾠof	 ﾠthe	 ﾠ
mathematician,	 ﾠthe	 ﾠname	 ﾠof	 ﾠthe	 ﾠadvisor,	 ﾠthe	 ﾠtitle	 ﾠof	 ﾠthe	 ﾠdissertation,	 ﾠand	 ﾠthe	 ﾠname	 ﾠand	 ﾠ
location	 ﾠof	 ﾠthe	 ﾠinstitution	 ﾠgranting	 ﾠthe	 ﾠdoctoral	 ﾠdegree.	 ﾠ
The	 ﾠMGP	 ﾠdata,	 ﾠof	 ﾠcourse,	 ﾠallow	 ﾠa	 ﾠdetailed	 ﾠconstruction	 ﾠof	 ﾠthe	 ﾠgenealogical	 ﾠtree	 ﾠin	 ﾠthe	 ﾠ
development	 ﾠof	 ﾠmathematics	 ﾠsince	 ﾠit	 ﾠcan	 ﾠcompletely	 ﾠlink	 ﾠany	 ﾠgiven	 ﾠmathematician	 ﾠto	 ﾠall	 ﾠhis	 ﾠ
intellectual	 ﾠancestors	 ﾠand	 ﾠdescendants.	 ﾠEqually	 ﾠimportant,	 ﾠthe	 ﾠAMS	 ﾠand	 ﾠMGP	 ﾠhave	 ﾠworked	 ﾠ
jointly	 ﾠto	 ﾠensure	 ﾠthat	 ﾠthe	 ﾠunique	 ﾠauthor	 ﾠID	 ﾠdeveloped	 ﾠby	 ﾠthe	 ﾠAMS	 ﾠcan	 ﾠidentify	 ﾠ
mathematicians	 ﾠin	 ﾠthe	 ﾠMGP	 ﾠdatabase.	 ﾠBy	 ﾠusing	 ﾠthis	 ﾠunique	 ﾠidentifier,	 ﾠwe	 ﾠthen	 ﾠmatched	 ﾠ
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20	 ﾠThere	 ﾠis	 ﾠa	 ﾠsteady	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠmatch	 ﾠrate	 ﾠover	 ﾠtime,	 ﾠfrom	 ﾠabout	 ﾠ40	 ﾠpercent	 ﾠfor	 ﾠjournal	 ﾠarticles	 ﾠpublished	 ﾠ
in	 ﾠthe	 ﾠlate	 ﾠ1970s	 ﾠto	 ﾠaround	 ﾠ75	 ﾠpercent	 ﾠfor	 ﾠarticles	 ﾠpublished	 ﾠafter	 ﾠ2002.	 ﾠWe	 ﾠare	 ﾠable	 ﾠto	 ﾠmatch	 ﾠover	 ﾠ90	 ﾠpercent	 ﾠ
of	 ﾠthe	 ﾠpapers	 ﾠfor	 ﾠthe	 ﾠmost	 ﾠprolific	 ﾠmathematicians	 ﾠduring	 ﾠthe	 ﾠperiod,	 ﾠsuggesting	 ﾠthat	 ﾠsome	 ﾠof	 ﾠthe	 ﾠmissing	 ﾠ
articles	 ﾠare	 ﾠin	 ﾠmarginal	 ﾠjournals	 ﾠnot	 ﾠcovered	 ﾠby	 ﾠthe	 ﾠISI	 ﾠdatabase.	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠthe	 ﾠcitation-ﾭ‐weighted	 ﾠcount	 ﾠof	 ﾠ
the	 ﾠnumber	 ﾠof	 ﾠmissing	 ﾠarticles	 ﾠis	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠlow.	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every	 ﾠsingle	 ﾠadvisor	 ﾠand	 ﾠstudent	 ﾠin	 ﾠthe	 ﾠMGP	 ﾠdata	 ﾠto	 ﾠtheir	 ﾠpublication	 ﾠhistories	 ﾠin	 ﾠthe	 ﾠAMS	 ﾠ
data	 ﾠ(and	 ﾠto	 ﾠtheir	 ﾠcitations	 ﾠhistory	 ﾠin	 ﾠthe	 ﾠISI).	 ﾠ
We	 ﾠuse	 ﾠthese	 ﾠdata	 ﾠto	 ﾠconstruct	 ﾠsamples	 ﾠof	 ﾠ“active”	 ﾠAmerican	 ﾠmathematicians	 ﾠand	 ﾠ
Soviet	 ﾠémigrés.	 ﾠThe	 ﾠpopulation	 ﾠof	 ﾠmathematicians	 ﾠwho	 ﾠwere	 ﾠactive	 ﾠprior	 ﾠto	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠ
the	 ﾠSoviet	 ﾠUnion	 ﾠis	 ﾠgiven	 ﾠby	 ﾠthe	 ﾠsample	 ﾠof	 ﾠpersons	 ﾠwho	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠ
between	 ﾠ1970	 ﾠand	 ﾠ1989.21	 ﾠWe	 ﾠuse	 ﾠthe	 ﾠAMS	 ﾠor	 ﾠISI	 ﾠdata	 ﾠto	 ﾠestablish	 ﾠthe	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠ
affiliations	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠvarious	 ﾠpublications	 ﾠin	 ﾠthe	 ﾠmathematician’s	 ﾠhistory.	 ﾠA	 ﾠ
“predominantly”	 ﾠAmerican	 ﾠmathematician	 ﾠis	 ﾠsomeone	 ﾠwho	 ﾠused	 ﾠan	 ﾠAmerican	 ﾠaffiliation	 ﾠ
more	 ﾠthan	 ﾠhalf	 ﾠthe	 ﾠtime	 ﾠin	 ﾠthe	 ﾠpre-ﾭ‐1990	 ﾠperiod.22	 ﾠIf	 ﾠthe	 ﾠAMS/ISI	 ﾠdata	 ﾠdo	 ﾠnot	 ﾠcontain	 ﾠany	 ﾠ
usable	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠmathematician’s	 ﾠaffiliations,	 ﾠwe	 ﾠthen	 ﾠuse	 ﾠthe	 ﾠMGP	 ﾠdata	 ﾠto	 ﾠ
determine	 ﾠthe	 ﾠcountry	 ﾠwhere	 ﾠthe	 ﾠmathematician	 ﾠreceived	 ﾠhis	 ﾠor	 ﾠher	 ﾠdoctoral	 ﾠdegree.	 ﾠPrior	 ﾠ
to	 ﾠ1978,	 ﾠover	 ﾠ85	 ﾠpercent	 ﾠof	 ﾠmathematicians	 ﾠwho	 ﾠreceived	 ﾠtheir	 ﾠdoctoral	 ﾠdegrees	 ﾠfrom	 ﾠan	 ﾠ
American	 ﾠinstitution	 ﾠwere	 ﾠeither	 ﾠAmerican	 ﾠcitizens	 ﾠor	 ﾠpermanent	 ﾠresidents.	 ﾠMoreover,	 ﾠ
65.3	 ﾠpercent	 ﾠof	 ﾠthe	 ﾠsmall	 ﾠgroup	 ﾠof	 ﾠdoctoral	 ﾠrecipients	 ﾠwho	 ﾠwere	 ﾠtemporary	 ﾠresidents	 ﾠstated	 ﾠ
that	 ﾠthey	 ﾠintended	 ﾠto	 ﾠstay	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.23	 ﾠHence	 ﾠwe	 ﾠsupplement	 ﾠthe	 ﾠsample	 ﾠof	 ﾠ
predominantly	 ﾠAmerican	 ﾠmathematicians	 ﾠby	 ﾠalso	 ﾠincluding	 ﾠpersons	 ﾠwho,	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠ
any	 ﾠspecific	 ﾠaffiliation	 ﾠinformation	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ1989,	 ﾠreceived	 ﾠtheir	 ﾠdoctoral	 ﾠdegree	 ﾠ
from	 ﾠan	 ﾠAmerican	 ﾠinstitution	 ﾠbetween	 ﾠ1960	 ﾠand	 ﾠ1978.	 ﾠ
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 ﾠ	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 ﾠ
21	 ﾠIn	 ﾠaddition,	 ﾠwe	 ﾠrestrict	 ﾠthe	 ﾠsample	 ﾠto	 ﾠmathematicians	 ﾠwhose	 ﾠfirst	 ﾠpublication	 ﾠappeared	 ﾠin	 ﾠprint	 ﾠin	 ﾠor	 ﾠafter	 ﾠ
1940.	 ﾠ
22	 ﾠMore	 ﾠprecisely,	 ﾠthe	 ﾠmathematician	 ﾠused	 ﾠan	 ﾠAmerican	 ﾠaffiliation	 ﾠin	 ﾠmore	 ﾠthan	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠpapers	 ﾠpublished	 ﾠ
prior	 ﾠto	 ﾠ1990.	 ﾠ
23	 ﾠThese	 ﾠstatistics	 ﾠare	 ﾠcalculated	 ﾠusing	 ﾠthe	 ﾠNSF	 ﾠSurvey	 ﾠof	 ﾠEarned	 ﾠDoctorates,	 ﾠan	 ﾠannual	 ﾠsurvey	 ﾠthat	 ﾠcontains	 ﾠ
demographic	 ﾠinformation	 ﾠfor	 ﾠthe	 ﾠrecipient	 ﾠof	 ﾠevery	 ﾠdoctoral	 ﾠdegree	 ﾠawarded	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠsince	 ﾠ1957.	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The	 ﾠdefinition	 ﾠof	 ﾠthe	 ﾠuniverse	 ﾠof	 ﾠSoviet	 ﾠmathematicians	 ﾠfollows	 ﾠanalogously.	 ﾠWe	 ﾠ
first	 ﾠuse	 ﾠthe	 ﾠAMS	 ﾠor	 ﾠISI	 ﾠdata	 ﾠto	 ﾠdetermine	 ﾠif	 ﾠthe	 ﾠmathematician	 ﾠreports	 ﾠa	 ﾠSoviet	 ﾠaffiliation.	 ﾠ
We	 ﾠclassify	 ﾠanyone	 ﾠwho	 ﾠused	 ﾠa	 ﾠSoviet	 ﾠaffiliation	 ﾠmore	 ﾠthan	 ﾠhalf	 ﾠthe	 ﾠtime	 ﾠprior	 ﾠto	 ﾠ1989	 ﾠas	 ﾠa	 ﾠ
“Soviet	 ﾠmathematician.”	 ﾠIn	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠany	 ﾠaffiliation	 ﾠdata,	 ﾠwe	 ﾠagain	 ﾠsupplement	 ﾠthe	 ﾠ
sample	 ﾠby	 ﾠincluding	 ﾠall	 ﾠthe	 ﾠmathematicians	 ﾠwho	 ﾠreceived	 ﾠtheir	 ﾠdoctoral	 ﾠdegree	 ﾠfrom	 ﾠa	 ﾠ
Soviet	 ﾠinstitution	 ﾠbetween	 ﾠ1960	 ﾠand	 ﾠ1989.	 ﾠFrom	 ﾠthis	 ﾠuniverse,	 ﾠwe	 ﾠthen	 ﾠdefine	 ﾠthe	 ﾠ
subsample	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠas	 ﾠthe	 ﾠgroup	 ﾠwhose	 ﾠmodal	 ﾠaffiliation	 ﾠafter	 ﾠ1992	 ﾠwas	 ﾠin	 ﾠa	 ﾠ
country	 ﾠoutside	 ﾠthe	 ﾠgeographic	 ﾠboundaries	 ﾠof	 ﾠthe	 ﾠformer	 ﾠSoviet	 ﾠUnion.24	 ﾠ
These	 ﾠdefinitions	 ﾠyield	 ﾠa	 ﾠpre-ﾭ‐existing	 ﾠpopulation	 ﾠof	 ﾠ29,392	 ﾠpredominantly	 ﾠAmerican	 ﾠ
mathematicians	 ﾠand	 ﾠ12,224	 ﾠSoviet	 ﾠmathematicians.	 ﾠWe	 ﾠalso	 ﾠestimate	 ﾠthat	 ﾠ1,051	 ﾠof	 ﾠthese	 ﾠ
Soviet	 ﾠmathematicians	 ﾠemigrated	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠwith	 ﾠ336	 ﾠof	 ﾠthe	 ﾠ
émigrés	 ﾠmoving	 ﾠto	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠ
Figure	 ﾠVa	 ﾠillustrates	 ﾠthe	 ﾠfrequency	 ﾠdistribution	 ﾠof	 ﾠpublications	 ﾠfor	 ﾠthe	 ﾠsample	 ﾠof	 ﾠ
predominantly	 ﾠAmerican	 ﾠmathematicians,	 ﾠconditional	 ﾠon	 ﾠthe	 ﾠmathematician	 ﾠhaving	 ﾠ
published	 ﾠat	 ﾠleast	 ﾠone	 ﾠarticle	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ2008.	 ﾠNot	 ﾠsurprisingly,	 ﾠthe	 ﾠmodal	 ﾠnumber	 ﾠ
of	 ﾠpublications	 ﾠis	 ﾠonly	 ﾠone	 ﾠpaper	 ﾠfor	 ﾠthe	 ﾠentire	 ﾠperiod.	 ﾠSimilarly,	 ﾠFigure	 ﾠVb	 ﾠshows	 ﾠthat	 ﾠthe	 ﾠ
modal	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠfor	 ﾠmathematicians	 ﾠwho	 ﾠhave	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠis	 ﾠ
zero.	 ﾠThe	 ﾠmodal	 ﾠoutcome	 ﾠfor	 ﾠactive	 ﾠmathematicians,	 ﾠtherefore,	 ﾠis	 ﾠto	 ﾠpublish	 ﾠone	 ﾠpaper	 ﾠover	 ﾠ
a	 ﾠlong	 ﾠcareer	 ﾠspan,	 ﾠand	 ﾠfor	 ﾠthat	 ﾠpaper	 ﾠto	 ﾠgo	 ﾠunread	 ﾠor,	 ﾠat	 ﾠleast,	 ﾠun-ﾭ‐cited.	 ﾠ
Table	 ﾠI	 ﾠreports	 ﾠsummary	 ﾠstatistics	 ﾠfor	 ﾠthe	 ﾠsamples	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠ
mathematicians,	 ﾠSoviet	 ﾠmathematicians	 ﾠwho	 ﾠemigrated	 ﾠto	 ﾠthe	 ﾠUnited	 ﾠStates,	 ﾠSoviet	 ﾠ
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24	 ﾠBy	 ﾠconstruction,	 ﾠan	 ﾠémigré	 ﾠmust	 ﾠhave	 ﾠpublished	 ﾠafter	 ﾠ1992	 ﾠ(otherwise,	 ﾠwe	 ﾠwould	 ﾠnever	 ﾠobserve	 ﾠhis	 ﾠpost-ﾭ‐
1992	 ﾠaffiliation).	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mathematicians	 ﾠwho	 ﾠemigrated	 ﾠto	 ﾠother	 ﾠcountries,	 ﾠand	 ﾠthe	 ﾠresidual	 ﾠgroup	 ﾠof	 ﾠSoviets	 ﾠwho	 ﾠ
remained	 ﾠwithin	 ﾠthe	 ﾠgeographic	 ﾠboundaries	 ﾠof	 ﾠthe	 ﾠformer	 ﾠSoviet	 ﾠUnion.	 ﾠThe	 ﾠdata	 ﾠreported	 ﾠ
in	 ﾠTable	 ﾠ1	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠcontrast	 ﾠthe	 ﾠproductivity	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠto	 ﾠ
that	 ﾠof	 ﾠother	 ﾠSoviet	 ﾠmathematicians	 ﾠand	 ﾠto	 ﾠthat	 ﾠof	 ﾠpre-ﾭ‐existing	 ﾠAmerican	 ﾠmathematicians.	 ﾠ
The	 ﾠmost	 ﾠstriking	 ﾠfinding	 ﾠis	 ﾠthe	 ﾠvery	 ﾠlarge	 ﾠdegree	 ﾠof	 ﾠpositive	 ﾠselection	 ﾠthat	 ﾠcharacterizes	 ﾠ
the	 ﾠgroup	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠ
Prior	 ﾠto	 ﾠtheir	 ﾠmigration	 ﾠto	 ﾠthe	 ﾠUnited	 ﾠStates,	 ﾠthe	 ﾠfuture	 ﾠémigrés	 ﾠwere	 ﾠsignificantly	 ﾠ
more	 ﾠproductive	 ﾠin	 ﾠterms	 ﾠof	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠand	 ﾠcitations	 ﾠreceived.	 ﾠFor	 ﾠ
example,	 ﾠbefore	 ﾠ1992	 ﾠthe	 ﾠaverage	 ﾠ(future)	 ﾠémigré	 ﾠhad	 ﾠpublished	 ﾠ10	 ﾠmore	 ﾠpapers	 ﾠand	 ﾠ
received	 ﾠ66	 ﾠmore	 ﾠcitations	 ﾠ(in	 ﾠthe	 ﾠAMS	 ﾠdata)	 ﾠthan	 ﾠthe	 ﾠtypical	 ﾠSoviet	 ﾠwho	 ﾠremained	 ﾠin	 ﾠthe	 ﾠ
Soviet	 ﾠUnion.	 ﾠHe	 ﾠhad	 ﾠalso	 ﾠpublished	 ﾠ3	 ﾠmore	 ﾠpapers	 ﾠthan	 ﾠthe	 ﾠSoviets	 ﾠwho	 ﾠemigrated	 ﾠ
elsewhere,	 ﾠand	 ﾠhad	 ﾠreceived	 ﾠover	 ﾠ40	 ﾠmore	 ﾠcitations.	 ﾠAfter	 ﾠ1992,	 ﾠthe	 ﾠémigrés’	 ﾠproductivity	 ﾠ
in	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠfar	 ﾠsurpassed	 ﾠthat	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠAmerican	 ﾠmathematicians.	 ﾠ
Between	 ﾠ1992	 ﾠand	 ﾠ2008,	 ﾠthe	 ﾠaverage	 ﾠSoviet	 ﾠémigré	 ﾠpublished	 ﾠ20	 ﾠmore	 ﾠpapers	 ﾠthan	 ﾠthe	 ﾠ
average	 ﾠAmerican,	 ﾠand	 ﾠthose	 ﾠpapers	 ﾠreceived	 ﾠ143	 ﾠmore	 ﾠcitations.	 ﾠIn	 ﾠshort,	 ﾠthe	 ﾠSoviet	 ﾠ
émigrés	 ﾠoriginated	 ﾠin	 ﾠthe	 ﾠupper	 ﾠtail	 ﾠof	 ﾠthe	 ﾠskill	 ﾠdistribution	 ﾠof	 ﾠmathematicians	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠ
Union	 ﾠand	 ﾠquickly	 ﾠmoved	 ﾠinto	 ﾠthe	 ﾠupper	 ﾠtail	 ﾠof	 ﾠthe	 ﾠskill	 ﾠdistribution	 ﾠin	 ﾠthe	 ﾠAmerican	 ﾠ
mathematics	 ﾠcommunity.	 ﾠ
	 ﾠ Table	 ﾠI	 ﾠalso	 ﾠdocuments	 ﾠthat	 ﾠthe	 ﾠSoviet	 ﾠémigrés	 ﾠdiffer	 ﾠin	 ﾠother	 ﾠdimensions.	 ﾠConsider,	 ﾠ
for	 ﾠexample,	 ﾠthe	 ﾠbreadth	 ﾠof	 ﾠa	 ﾠmathematician’s	 ﾠinterests,	 ﾠas	 ﾠdefined	 ﾠby	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠfields	 ﾠ
in	 ﾠwhich	 ﾠthe	 ﾠmathematician	 ﾠhas	 ﾠpublished	 ﾠover	 ﾠhis	 ﾠor	 ﾠher	 ﾠcareer.	 ﾠThe	 ﾠmedian	 ﾠnumber	 ﾠof	 ﾠ
fields	 ﾠof	 ﾠpublication	 ﾠfor	 ﾠboth	 ﾠthe	 ﾠAmerican	 ﾠmathematicians	 ﾠand	 ﾠthe	 ﾠSoviet	 ﾠmathematicians	 ﾠ
who	 ﾠremained	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠis	 ﾠ2.0.	 ﾠIn	 ﾠcontrast,	 ﾠthe	 ﾠmedian	 ﾠnumber	 ﾠof	 ﾠfields	 ﾠfor	 ﾠSoviet	 ﾠ  21 
émigrés	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠis	 ﾠ5.5.	 ﾠIt	 ﾠis	 ﾠvery	 ﾠunusual	 ﾠfor	 ﾠa	 ﾠmathematician	 ﾠto	 ﾠpublish	 ﾠin	 ﾠ
more	 ﾠthan	 ﾠ5	 ﾠdistinct	 ﾠfields,	 ﾠand	 ﾠonly	 ﾠa	 ﾠsmall	 ﾠ(and	 ﾠselect)	 ﾠgroup	 ﾠof	 ﾠAmerican	 ﾠmathematicians	 ﾠ
do	 ﾠit.25	 ﾠ	 ﾠ
The	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠare	 ﾠalso	 ﾠsomewhat	 ﾠolder.	 ﾠNearly	 ﾠ40	 ﾠpercent	 ﾠ
of	 ﾠthe	 ﾠémigrés	 ﾠreceived	 ﾠtheir	 ﾠdegree	 ﾠafter	 ﾠ1980.	 ﾠIn	 ﾠcontrast,	 ﾠ45	 ﾠto	 ﾠ50	 ﾠpercent	 ﾠof	 ﾠAmerican	 ﾠ
and	 ﾠother	 ﾠSoviet	 ﾠmathematicians	 ﾠreceived	 ﾠtheir	 ﾠdegree	 ﾠafter	 ﾠ1980.	 ﾠ	 ﾠ
Finally,	 ﾠFigure	 ﾠVI	 ﾠillustrates	 ﾠhow	 ﾠthe	 ﾠentry	 ﾠof	 ﾠthe	 ﾠémigrés	 ﾠinto	 ﾠthe	 ﾠAmerican	 ﾠ
mathematics	 ﾠcommunity	 ﾠaffected	 ﾠthe	 ﾠsupply	 ﾠof	 ﾠpre-ﾭ‐existing	 ﾠmathematicians	 ﾠin	 ﾠdifferent	 ﾠ
fields	 ﾠdifferently.	 ﾠThe	 ﾠ“supply	 ﾠshock”	 ﾠis	 ﾠcalculated	 ﾠseparately	 ﾠfor	 ﾠtwo	 ﾠdifferent	 ﾠtypes	 ﾠof	 ﾠ
fields:	 ﾠSoviet-ﾭ‐style	 ﾠand	 ﾠAmerican-ﾭ‐style	 ﾠfields.	 ﾠSoviet-ﾭ‐style	 ﾠfields	 ﾠare	 ﾠthe	 ﾠ10	 ﾠmost	 ﾠrelatively	 ﾠ
popular	 ﾠfields	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠ(i.e.,	 ﾠthe	 ﾠ10	 ﾠfields	 ﾠat	 ﾠthe	 ﾠtop	 ﾠof	 ﾠFigure	 ﾠ1),	 ﾠwhile	 ﾠAmerican-ﾭ‐
style	 ﾠfields	 ﾠare	 ﾠthe	 ﾠ10	 ﾠmost	 ﾠrelatively	 ﾠpopular	 ﾠfields	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠ(i.e.,	 ﾠthe	 ﾠ10	 ﾠfields	 ﾠat	 ﾠ
the	 ﾠbottom	 ﾠof	 ﾠFigure	 ﾠ1).	 ﾠWe	 ﾠthen	 ﾠestimated	 ﾠthe	 ﾠoutput	 ﾠshare	 ﾠof	 ﾠSoviet	 ﾠpapers	 ﾠin	 ﾠeach	 ﾠof	 ﾠ
these	 ﾠcategories	 ﾠby	 ﾠyear.26	 ﾠ
Figure	 ﾠVI	 ﾠshows	 ﾠthat	 ﾠthe	 ﾠsupply	 ﾠshock,	 ﾠas	 ﾠdefined	 ﾠby	 ﾠthe	 ﾠfraction	 ﾠof	 ﾠtotal	 ﾠpapers	 ﾠ
published	 ﾠby	 ﾠSoviet	 ﾠémigrés,	 ﾠwas	 ﾠvery	 ﾠlarge	 ﾠfor	 ﾠthe	 ﾠfields	 ﾠemphasized	 ﾠby	 ﾠpre-ﾭ‐shock	 ﾠSoviet	 ﾠ
mathematicians,	 ﾠand	 ﾠwas	 ﾠvery	 ﾠsmall	 ﾠfor	 ﾠthe	 ﾠfields	 ﾠthat	 ﾠwere	 ﾠdominated	 ﾠby	 ﾠAmerican	 ﾠ
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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
25	 ﾠAmerican	 ﾠmathematicians	 ﾠwho	 ﾠpublish	 ﾠin	 ﾠmany	 ﾠfields	 ﾠare	 ﾠfar	 ﾠmore	 ﾠprolific	 ﾠthan	 ﾠthose	 ﾠwho	 ﾠspecialize	 ﾠin	 ﾠa	 ﾠ
small	 ﾠnumber	 ﾠof	 ﾠfields.	 ﾠOn	 ﾠaverage,	 ﾠmathematicians	 ﾠwho	 ﾠpublished	 ﾠin	 ﾠonly	 ﾠone	 ﾠor	 ﾠtwo	 ﾠfields	 ﾠpublished	 ﾠa	 ﾠtotal	 ﾠ
of	 ﾠ6.1	 ﾠpapers	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ2008.	 ﾠThe	 ﾠaverage	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠfor	 ﾠmathematicians	 ﾠwho	 ﾠ
published	 ﾠin	 ﾠat	 ﾠleast	 ﾠ10	 ﾠfields	 ﾠis	 ﾠ92.2.	 ﾠ
26	 ﾠSpecifically,	 ﾠthe	 ﾠdenominator	 ﾠof	 ﾠeach	 ﾠfraction	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠin	 ﾠthe	 ﾠgiven	 ﾠsubfields	 ﾠpublished	 ﾠin	 ﾠ
the	 ﾠUnited	 ﾠStates	 ﾠby	 ﾠauthors	 ﾠwho	 ﾠwere	 ﾠactive	 ﾠbefore	 ﾠ1990,	 ﾠbut	 ﾠnever	 ﾠhad	 ﾠa	 ﾠSoviet	 ﾠaffiliation.	 ﾠThe	 ﾠnumerator	 ﾠ
of	 ﾠeach	 ﾠfraction	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠin	 ﾠthe	 ﾠgiven	 ﾠsubfield	 ﾠpublished	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠby	 ﾠauthors	 ﾠwho	 ﾠ
were	 ﾠactive	 ﾠbefore	 ﾠ1990	 ﾠand	 ﾠhad	 ﾠa	 ﾠformer	 ﾠSoviet	 ﾠaffiliation.	 ﾠA	 ﾠsmall	 ﾠgroup	 ﾠof	 ﾠ“defector”	 ﾠSoviets	 ﾠarrived	 ﾠbefore	 ﾠ
1990,	 ﾠmostly	 ﾠin	 ﾠthe	 ﾠlate	 ﾠ1970s	 ﾠto	 ﾠearly	 ﾠ1980s.	 ﾠThis	 ﾠgroup	 ﾠwas	 ﾠonly	 ﾠabout	 ﾠone-ﾭ‐tenth	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠgroup	 ﾠof	 ﾠ
émigrés	 ﾠwho	 ﾠarrived	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠFigure	 ﾠ6	 ﾠincludes	 ﾠthe	 ﾠpaper-ﾭ‐weighted	 ﾠimpact	 ﾠof	 ﾠ
these	 ﾠdefectors	 ﾠduring	 ﾠtheir	 ﾠtime	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates,	 ﾠconfirming	 ﾠthat	 ﾠthe	 ﾠpaper-ﾭ‐weighted	 ﾠsize	 ﾠof	 ﾠthe	 ﾠinflux	 ﾠof	 ﾠ
Soviet	 ﾠémigrés	 ﾠafter	 ﾠthe	 ﾠfall	 ﾠof	 ﾠcommunism	 ﾠwas	 ﾠfar	 ﾠgreater	 ﾠthan	 ﾠthat	 ﾠof	 ﾠthe	 ﾠprior	 ﾠarrivals	 ﾠof	 ﾠdefectors.	 ﾠ  22 
mathematicians.	 ﾠThe	 ﾠfraction	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠby	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠ
“Soviet-ﾭ‐style”	 ﾠfields	 ﾠrose	 ﾠfrom	 ﾠa	 ﾠnegligible	 ﾠfraction	 ﾠbefore	 ﾠ1992	 ﾠto	 ﾠabout	 ﾠ12	 ﾠpercent.	 ﾠIn	 ﾠ
contrast,	 ﾠthe	 ﾠfraction	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠthe	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠ“American-ﾭ‐style”	 ﾠfields	 ﾠ
was	 ﾠbelow	 ﾠ4.0	 ﾠpercent	 ﾠthroughout	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠperiod.	 ﾠIn	 ﾠsum,	 ﾠnot	 ﾠall	 ﾠAmerican	 ﾠ
mathematicians	 ﾠwere	 ﾠequally	 ﾠaffected	 ﾠby	 ﾠthe	 ﾠSoviet	 ﾠinflux,	 ﾠand	 ﾠit	 ﾠis	 ﾠthis	 ﾠdifferential	 ﾠshock	 ﾠ
that	 ﾠprovides	 ﾠthe	 ﾠstrategy	 ﾠfor	 ﾠidentifying	 ﾠthe	 ﾠproductivity	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠ
Soviet	 ﾠUnion	 ﾠon	 ﾠAmerican	 ﾠmathematics.	 ﾠ
	 ﾠ
IV. Measuring the Productivity Impact 
	 ﾠ We	 ﾠnow	 ﾠexamine	 ﾠthe	 ﾠextent	 ﾠto	 ﾠwhich	 ﾠ“field	 ﾠoverlap”	 ﾠbetween	 ﾠSoviet	 ﾠand	 ﾠAmerican	 ﾠ
mathematicians	 ﾠaltered	 ﾠthe	 ﾠproductivity	 ﾠof	 ﾠthe	 ﾠlatter	 ﾠafter	 ﾠthe	 ﾠémigrés	 ﾠarrived.	 ﾠ	 ﾠ
There	 ﾠare	 ﾠmany	 ﾠchannels	 ﾠthrough	 ﾠwhich	 ﾠsuch	 ﾠproductivity	 ﾠeffects	 ﾠcan	 ﾠarise.	 ﾠThe	 ﾠ
flood	 ﾠof	 ﾠnew	 ﾠideas	 ﾠand	 ﾠtheorems	 ﾠcould	 ﾠperhaps	 ﾠhave	 ﾠspawned	 ﾠa	 ﾠnew	 ﾠ“Golden	 ﾠAge”	 ﾠas	 ﾠthe	 ﾠ
pre-ﾭ‐existing	 ﾠAmerican	 ﾠmathematicians	 ﾠdigested	 ﾠand	 ﾠincorporated	 ﾠthe	 ﾠnew	 ﾠknowledge	 ﾠinto	 ﾠ
their	 ﾠresearch	 ﾠagendas.	 ﾠAt	 ﾠthe	 ﾠsame	 ﾠtime,	 ﾠhowever,	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠmathematics	 ﾠfaculty	 ﾠ
jobs,	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠfraction	 ﾠof	 ﾠresources	 ﾠthat	 ﾠdeans	 ﾠand	 ﾠadministrators	 ﾠallocate	 ﾠamong	 ﾠthe	 ﾠ
various	 ﾠsubfields	 ﾠof	 ﾠmathematics,	 ﾠis	 ﾠlikely	 ﾠconstrained	 ﾠand	 ﾠrelatively	 ﾠinelastic.	 ﾠThe	 ﾠsudden	 ﾠ
presence	 ﾠof	 ﾠexperienced	 ﾠand	 ﾠhighly	 ﾠproductive	 ﾠSoviet	 ﾠémigrés	 ﾠwho	 ﾠmay	 ﾠcompete	 ﾠfor	 ﾠjobs	 ﾠ
with	 ﾠnewly	 ﾠminted	 ﾠdoctorates	 ﾠwould	 ﾠthen	 ﾠalmost	 ﾠcertainly	 ﾠhave	 ﾠa	 ﾠ“crowd-ﾭ‐out”	 ﾠeffect	 ﾠon	 ﾠthe	 ﾠ
paid	 ﾠresearch	 ﾠjobs	 ﾠthat	 ﾠAmerican	 ﾠmathematicians	 ﾠwould	 ﾠhave	 ﾠotherwise	 ﾠfilled.27	 ﾠ
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27	 ﾠThere	 ﾠare	 ﾠother	 ﾠsources	 ﾠof	 ﾠscarcity	 ﾠthat	 ﾠcan	 ﾠcreate	 ﾠcrowd-ﾭ‐out	 ﾠeffects,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠlimited	 ﾠattention	 ﾠspan	 ﾠof	 ﾠ
field	 ﾠleaders.	 ﾠThere	 ﾠare	 ﾠinsurmountable	 ﾠconstraints	 ﾠon	 ﾠhow	 ﾠmuch	 ﾠnew	 ﾠknowledge	 ﾠa	 ﾠscientist	 ﾠcan	 ﾠabsorb,	 ﾠso	 ﾠ
that	 ﾠthe	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠ“marginal”	 ﾠarticle	 ﾠthat	 ﾠgets	 ﾠignored	 ﾠmoves	 ﾠupwards	 ﾠin	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠpublications	 ﾠ
after	 ﾠthe	 ﾠinflux	 ﾠof	 ﾠSoviet	 ﾠmathematicians.	 ﾠReasonably	 ﾠgood	 ﾠarticles	 ﾠthat	 ﾠwould	 ﾠotherwise	 ﾠhave	 ﾠgenerated	 ﾠ
some	 ﾠattention	 ﾠwill	 ﾠthen	 ﾠremain	 ﾠunread	 ﾠand	 ﾠun-ﾭ‐cited.	 ﾠ  23 
The	 ﾠidentification	 ﾠstrategy	 ﾠis	 ﾠbuilt	 ﾠon	 ﾠcomparing	 ﾠdifferent	 ﾠgroups	 ﾠof	 ﾠAmerican	 ﾠ
mathematicians	 ﾠwith	 ﾠeach	 ﾠother	 ﾠover	 ﾠtime:	 ﾠthose	 ﾠwho	 ﾠhad	 ﾠworked	 ﾠon	 ﾠproblems	 ﾠwhere	 ﾠthe	 ﾠ
Soviets	 ﾠcould	 ﾠoffer	 ﾠassistance	 ﾠand/or	 ﾠcompetition,	 ﾠversus	 ﾠthose	 ﾠwho	 ﾠhad	 ﾠworked	 ﾠon	 ﾠ
problems	 ﾠthat	 ﾠthe	 ﾠSoviets	 ﾠknew	 ﾠlittle	 ﾠabout.	 ﾠTo	 ﾠquantify	 ﾠthe	 ﾠdegree	 ﾠof	 ﾠexposure,	 ﾠwe	 ﾠ
calculate	 ﾠan	 ﾠindex	 ﾠreflecting	 ﾠthe	 ﾠfield	 ﾠ“overlap”	 ﾠbetween	 ﾠthe	 ﾠpre-ﾭ‐1990	 ﾠpublication	 ﾠrecord	 ﾠof	 ﾠ
each	 ﾠAmerican	 ﾠmathematician	 ﾠand	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets.	 ﾠ
	 ﾠ We	 ﾠuse	 ﾠ3	 ﾠalternative	 ﾠindices	 ﾠto	 ﾠdemonstrate	 ﾠthe	 ﾠrobustness	 ﾠof	 ﾠour	 ﾠempirical	 ﾠ
findings.	 ﾠThe	 ﾠfirst	 ﾠindex	 ﾠis	 ﾠsimply	 ﾠa	 ﾠcorrelation	 ﾠcoefficient	 ﾠcalculated	 ﾠfor	 ﾠeach	 ﾠAmerican	 ﾠ
mathematician	 ﾠin	 ﾠour	 ﾠdata.	 ﾠLet	 ﾠaij	 ﾠbe	 ﾠthe	 ﾠshare	 ﾠof	 ﾠpapers	 ﾠthat	 ﾠmathematician	 ﾠi	 ﾠpublished	 ﾠin	 ﾠ
field	 ﾠj,	 ﾠand	 ﾠlet	 ﾠsj	 ﾠbe	 ﾠthe	 ﾠshare	 ﾠof	 ﾠall	 ﾠSoviet	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠfield	 ﾠj	 ﾠbefore	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠ
the	 ﾠSoviet	 ﾠUnion.28	 ﾠOur	 ﾠfirst	 ﾠindex	 ﾠis	 ﾠsimply	 ﾠthe	 ﾠcorrelation	 ﾠcoefficient	 ﾠρi	 ﾠbetween	 ﾠthese	 ﾠtwo	 ﾠ
vectors.	 ﾠ
	 ﾠ	 ﾠ A	 ﾠsecond	 ﾠindex	 ﾠmeasures	 ﾠthe	 ﾠ“intensity”	 ﾠof	 ﾠthe	 ﾠoverlapping	 ﾠresearch	 ﾠinterests.	 ﾠIn	 ﾠ
particular,	 ﾠlet	 ﾠSj	 ﾠbe	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠwritten	 ﾠin	 ﾠfield	 ﾠj	 ﾠin	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠIf	 ﾠwe	 ﾠ
calculate	 ﾠthe	 ﾠdot	 ﾠproduct	 ﾠbetween	 ﾠthe	 ﾠvector	 ﾠS	 ﾠand	 ﾠthe	 ﾠvector	 ﾠof	 ﾠshares	 ﾠaij	 ﾠfor	 ﾠeach	 ﾠ
American	 ﾠmathematician,	 ﾠthe	 ﾠresulting	 ﾠnumber	 ﾠgives	 ﾠthe	 ﾠ“effective”	 ﾠnumber	 ﾠof	 ﾠSoviet	 ﾠ
papers	 ﾠthat	 ﾠthe	 ﾠtypical	 ﾠAmerican	 ﾠmathematician	 ﾠwould	 ﾠhave	 ﾠwritten,	 ﾠweighted	 ﾠby	 ﾠSoviet	 ﾠ
preference.	 ﾠTo	 ﾠconstruct	 ﾠan	 ﾠindex	 ﾠthat	 ﾠlies	 ﾠbetween	 ﾠzero	 ﾠand	 ﾠone,	 ﾠwe	 ﾠdivide	 ﾠthe	 ﾠdot	 ﾠproduct	 ﾠ
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 ﾠThe	 ﾠshare	 ﾠaij	 ﾠis	 ﾠcalculated	 ﾠusing	 ﾠall	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠa	 ﾠparticular	 ﾠmathematician	 ﾠbetween	 ﾠ1960	 ﾠand	 ﾠ
1989;	 ﾠthis	 ﾠcalculation	 ﾠuses	 ﾠthe	 ﾠdatabase	 ﾠthe	 ﾠAMS	 ﾠprovided	 ﾠto	 ﾠus.	 ﾠThe	 ﾠSoviet	 ﾠshare	 ﾠsj	 ﾠis	 ﾠobtained	 ﾠdirectly	 ﾠfrom	 ﾠ
MathSciNet	 ﾠ(an	 ﾠonline	 ﾠdatabase	 ﾠmaintained	 ﾠby	 ﾠthe	 ﾠAmerican	 ﾠMathematical	 ﾠSociety)	 ﾠand	 ﾠcontains	 ﾠpapers	 ﾠ
published	 ﾠmainly	 ﾠbetween	 ﾠ1984	 ﾠand	 ﾠ1989.	 ﾠAs	 ﾠnoted	 ﾠabove,	 ﾠthe	 ﾠAMS	 ﾠbegan	 ﾠto	 ﾠcollect	 ﾠsystematic	 ﾠinformation	 ﾠ
on	 ﾠthe	 ﾠcountry	 ﾠof	 ﾠpublication	 ﾠonly	 ﾠaround	 ﾠ1984	 ﾠ(although	 ﾠa	 ﾠfew	 ﾠpre-ﾭ‐1984	 ﾠpapers	 ﾠreport	 ﾠthe	 ﾠaffiliation	 ﾠof	 ﾠthe	 ﾠ
author).	 ﾠ  24 
by	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠthe	 ﾠmost	 ﾠpopulated	 ﾠSoviet	 ﾠfield.	 ﾠHence	 ﾠthe	 ﾠ“index	 ﾠof	 ﾠ
intensity”	 ﾠis	 ﾠgiven	 ﾠby:	 ﾠ
	 ﾠ
(1)	 ﾠ 	 ﾠ Ii =
aijSj
j ∑
max(Sj)
.	 ﾠ
	 ﾠ
Note	 ﾠthat	 ﾠthis	 ﾠindex	 ﾠwill	 ﾠbe	 ﾠequal	 ﾠto	 ﾠzero	 ﾠwhen	 ﾠthe	 ﾠAmerican	 ﾠmathematician	 ﾠpublishes	 ﾠin	 ﾠ
fields	 ﾠwhere	 ﾠSoviets	 ﾠhave	 ﾠnever	 ﾠpublished	 ﾠand	 ﾠis	 ﾠequal	 ﾠto	 ﾠone	 ﾠwhen	 ﾠthe	 ﾠAmerican	 ﾠ
mathematician	 ﾠpublishes	 ﾠexclusively	 ﾠin	 ﾠthe	 ﾠfield	 ﾠwhere	 ﾠthe	 ﾠSoviets	 ﾠhave	 ﾠdone	 ﾠthe	 ﾠmost	 ﾠ
work.	 ﾠ
	 ﾠ Finally,	 ﾠwe	 ﾠemploy	 ﾠthe	 ﾠcommonly-ﾭ‐used	 ﾠ“index	 ﾠof	 ﾠsimilarity”	 ﾠ(Cutler	 ﾠand	 ﾠGlaeser	 ﾠ
2007)	 ﾠdefined	 ﾠby:	 ﾠ
	 ﾠ
(2)	 ﾠ 	 ﾠ Di =1−
1
2
aij − sij
j ∑ .	 ﾠ
	 ﾠ
The	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠequals	 ﾠone	 ﾠwhen	 ﾠthere	 ﾠis	 ﾠa	 ﾠperfect	 ﾠoverlap	 ﾠin	 ﾠthe	 ﾠrelative	 ﾠfield	 ﾠ
distributions	 ﾠbetween	 ﾠAmerican	 ﾠmathematician	 ﾠi	 ﾠand	 ﾠthe	 ﾠSoviet	 ﾠresearch	 ﾠprogram,	 ﾠand	 ﾠ
zero	 ﾠwhen	 ﾠthere	 ﾠis	 ﾠtotal	 ﾠdissimilarity.29	 ﾠ
	 ﾠ Table	 ﾠII	 ﾠreports	 ﾠthe	 ﾠvalue	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindices	 ﾠfor	 ﾠthe	 ﾠmost	 ﾠproductive	 ﾠAmerican	 ﾠ
mathematicians,	 ﾠwith	 ﾠthe	 ﾠranking	 ﾠdetermined	 ﾠby	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠbetween	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
29	 ﾠIf	 ﾠthe	 ﾠcomplement	 ﾠof	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠ(or	 ﾠ1	 ﾠ–	 ﾠD)	 ﾠwere	 ﾠcalculated	 ﾠfor	 ﾠthe	 ﾠpooled	 ﾠgroup	 ﾠof	 ﾠAmerican	 ﾠ
mathematicians,	 ﾠits	 ﾠvalue	 ﾠwould	 ﾠgive	 ﾠthe	 ﾠfraction	 ﾠof	 ﾠAmerican	 ﾠmathematicians	 ﾠwho	 ﾠmust	 ﾠmove	 ﾠacross	 ﾠfields	 ﾠ
in	 ﾠorder	 ﾠto	 ﾠensure	 ﾠthat	 ﾠAmerican	 ﾠmathematicians	 ﾠhave	 ﾠthe	 ﾠsame	 ﾠfield	 ﾠdistribution	 ﾠas	 ﾠthe	 ﾠSoviets.	 ﾠ  25 
1960	 ﾠand	 ﾠ1989.	 ﾠThere	 ﾠis	 ﾠa	 ﾠgreat	 ﾠdeal	 ﾠof	 ﾠdispersion	 ﾠin	 ﾠthe	 ﾠvarious	 ﾠindices	 ﾠeven	 ﾠamong	 ﾠthese	 ﾠ
superstars.	 ﾠThe	 ﾠcorrelation	 ﾠcoefficient,	 ﾠfor	 ﾠinstance,	 ﾠranges	 ﾠfrom	 ﾠzero	 ﾠto	 ﾠ.6,	 ﾠwhile	 ﾠthe	 ﾠindex	 ﾠ
of	 ﾠsimilarity	 ﾠranges	 ﾠfrom	 ﾠ.07	 ﾠto	 ﾠ.41.	 ﾠ
	 ﾠ To	 ﾠestimate	 ﾠthe	 ﾠnet	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠon	 ﾠthe	 ﾠmarginal	 ﾠproduct,	 ﾠyi(t),	 ﾠof	 ﾠ
American	 ﾠmathematician	 ﾠi	 ﾠin	 ﾠyear	 ﾠt,	 ﾠconsider	 ﾠthe	 ﾠregression	 ﾠmodel:	 ﾠ
	 ﾠ
(3)	 ﾠ 	 ﾠ yit	 ﾠ=	 ﾠφi	 ﾠ+	 ﾠφt	 ﾠ+	 ﾠXi(t)	 ﾠγ	 ﾠ	 ﾠ+	 ﾠθ	 ﾠ(T	 ﾠ×	 ﾠIndexi)	 ﾠ+	 ﾠεi(t),	 ﾠ
	 ﾠ
where	 ﾠφi	 ﾠis	 ﾠa	 ﾠvector	 ﾠof	 ﾠindividual	 ﾠfixed	 ﾠeffects;	 ﾠφt	 ﾠis	 ﾠa	 ﾠvector	 ﾠof	 ﾠyear	 ﾠfixed	 ﾠeffects;	 ﾠX	 ﾠis	 ﾠa	 ﾠ
vector	 ﾠof	 ﾠstandardizing	 ﾠvariables	 ﾠthat	 ﾠinclude	 ﾠthe	 ﾠmathematician’s	 ﾠyears	 ﾠof	 ﾠwork	 ﾠ
experience	 ﾠintroduced	 ﾠas	 ﾠa	 ﾠquartic	 ﾠpolynomial;	 ﾠT	 ﾠis	 ﾠa	 ﾠdummy	 ﾠvariable	 ﾠindicating	 ﾠif	 ﾠthe	 ﾠyear	 ﾠ
for	 ﾠthe	 ﾠparticular	 ﾠobservation	 ﾠis	 ﾠ1992	 ﾠor	 ﾠbeyond;	 ﾠand	 ﾠIndex	 ﾠis	 ﾠone	 ﾠof	 ﾠthe	 ﾠthree	 ﾠalternative	 ﾠ
overlap	 ﾠindices	 ﾠdefined	 ﾠearlier.30	 ﾠThe	 ﾠstandard	 ﾠerrors	 ﾠare	 ﾠclustered	 ﾠat	 ﾠthe	 ﾠindividual	 ﾠlevel.	 ﾠ
We	 ﾠuse	 ﾠtwo	 ﾠalternative	 ﾠdependent	 ﾠvariables	 ﾠin	 ﾠthe	 ﾠanalysis:	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ
mathematician	 ﾠi	 ﾠpublished	 ﾠin	 ﾠa	 ﾠparticular	 ﾠyear,	 ﾠand	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠISI	 ﾠcitations	 ﾠ
received	 ﾠby	 ﾠthe	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠthat	 ﾠyear.31	 ﾠIt	 ﾠis	 ﾠworth	 ﾠnoting	 ﾠthat	 ﾠthe	 ﾠcitations	 ﾠdata	 ﾠis	 ﾠ
truncated	 ﾠbecause	 ﾠa	 ﾠpaper	 ﾠmay	 ﾠcontinue	 ﾠto	 ﾠbe	 ﾠcited	 ﾠinto	 ﾠthe	 ﾠfuture	 ﾠ(and	 ﾠsome	 ﾠimportant	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
30	 ﾠOf	 ﾠcourse,	 ﾠthe	 ﾠregression	 ﾠdoes	 ﾠnot	 ﾠinclude	 ﾠeither	 ﾠthe	 ﾠvalue	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠor	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠindicator	 ﾠ
variable.	 ﾠThe	 ﾠindividual	 ﾠfixed	 ﾠeffects	 ﾠsubsume	 ﾠthe	 ﾠperson-ﾭ‐specific	 ﾠoverlap	 ﾠindex,	 ﾠand	 ﾠthe	 ﾠperiod	 ﾠfixed	 ﾠeffects	 ﾠ
subsume	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠindicator.	 ﾠThe	 ﾠmathematician’s	 ﾠyears	 ﾠof	 ﾠwork	 ﾠexperience	 ﾠis	 ﾠdefined	 ﾠas	 ﾠyears	 ﾠelapsed	 ﾠ
since	 ﾠthe	 ﾠmathematician’s	 ﾠfirst	 ﾠpublication.	 ﾠThe	 ﾠregressions	 ﾠonly	 ﾠinclude	 ﾠthose	 ﾠobservations	 ﾠwhere	 ﾠa	 ﾠ
mathematician	 ﾠhas	 ﾠat	 ﾠmost	 ﾠ60	 ﾠyears	 ﾠof	 ﾠpotential	 ﾠwork	 ﾠexperience.	 ﾠ
31	 ﾠOur	 ﾠtreatment	 ﾠof	 ﾠcoauthored	 ﾠpapers	 ﾠis	 ﾠas	 ﾠfollows:	 ﾠRegardless	 ﾠof	 ﾠhow	 ﾠmany	 ﾠauthors	 ﾠare	 ﾠresponsible	 ﾠfor	 ﾠa	 ﾠ
single	 ﾠpaper,	 ﾠeach	 ﾠauthor	 ﾠis	 ﾠgiven	 ﾠfull	 ﾠcredit	 ﾠwhen	 ﾠwe	 ﾠcount	 ﾠa	 ﾠmathematician’s	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠand	 ﾠ
citations.	 ﾠThis	 ﾠapproach	 ﾠis	 ﾠrequired	 ﾠby	 ﾠthe	 ﾠnature	 ﾠof	 ﾠthe	 ﾠAMS	 ﾠdata.	 ﾠIn	 ﾠparticular,	 ﾠwe	 ﾠhave	 ﾠcounts	 ﾠof	 ﾠpapers	 ﾠby	 ﾠ
year,	 ﾠfield,	 ﾠand	 ﾠauthor,	 ﾠand	 ﾠthese	 ﾠcounts	 ﾠdo	 ﾠnot	 ﾠallow	 ﾠus	 ﾠto	 ﾠidentify	 ﾠall	 ﾠthe	 ﾠauthors	 ﾠof	 ﾠany	 ﾠspecific	 ﾠpaper.	 ﾠThe	 ﾠ
only	 ﾠexception	 ﾠto	 ﾠthis	 ﾠmethod	 ﾠof	 ﾠtreating	 ﾠcoauthorships	 ﾠis	 ﾠthe	 ﾠconstruction	 ﾠof	 ﾠFigure	 ﾠI	 ﾠ(and	 ﾠthe	 ﾠbaseline	 ﾠfield	 ﾠ
distribution	 ﾠof	 ﾠSoviet	 ﾠmathematical	 ﾠresearch	 ﾠused	 ﾠin	 ﾠthe	 ﾠcalculation	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindices),	 ﾠwhere	 ﾠwe	 ﾠ
obtained	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠby	 ﾠfield	 ﾠdirectly	 ﾠfrom	 ﾠMathSciNet.	 ﾠ  26 
papers	 ﾠmay	 ﾠnot	 ﾠhave	 ﾠbeen	 ﾠrecognized	 ﾠby	 ﾠthe	 ﾠend	 ﾠof	 ﾠour	 ﾠsample	 ﾠperiod).32	 ﾠNote,	 ﾠhowever,	 ﾠ
that	 ﾠthe	 ﾠinclusion	 ﾠof	 ﾠyear	 ﾠfixed	 ﾠeffects	 ﾠin	 ﾠequation	 ﾠ(3)	 ﾠhelps	 ﾠto	 ﾠcontrol	 ﾠfor	 ﾠthis	 ﾠproblem.	 ﾠ
The	 ﾠidentification	 ﾠstrategy	 ﾠused	 ﾠby	 ﾠthe	 ﾠregression	 ﾠmodel	 ﾠin	 ﾠ(3)	 ﾠcan	 ﾠbe	 ﾠeasily	 ﾠ
described.	 ﾠWe	 ﾠare	 ﾠexamining	 ﾠhow	 ﾠthe	 ﾠresearch	 ﾠoutput	 ﾠof	 ﾠmathematician	 ﾠi	 ﾠchanged	 ﾠafter	 ﾠ
1992,	 ﾠwhen	 ﾠSoviet	 ﾠand	 ﾠAmerican	 ﾠmathematicians	 ﾠbegan	 ﾠto	 ﾠinteract	 ﾠboth	 ﾠphysically	 ﾠand	 ﾠ
intellectually.	 ﾠThe	 ﾠcoefficient	 ﾠθ	 ﾠmeasures	 ﾠwhether	 ﾠthe	 ﾠmarginal	 ﾠproduct	 ﾠof	 ﾠmathematicians	 ﾠ
who	 ﾠhad	 ﾠpursued	 ﾠa	 ﾠSoviet-ﾭ‐style	 ﾠresearch	 ﾠagenda	 ﾠchanged	 ﾠafter	 ﾠ1992,	 ﾠwhen	 ﾠthe	 ﾠSoviet	 ﾠideas	 ﾠ
began	 ﾠto	 ﾠbe	 ﾠdisseminated	 ﾠto	 ﾠa	 ﾠwider	 ﾠaudience	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates,	 ﾠand	 ﾠSoviet	 ﾠ
mathematicians	 ﾠbegan	 ﾠto	 ﾠpublish	 ﾠtheir	 ﾠideas	 ﾠin	 ﾠthe	 ﾠsame	 ﾠjournals	 ﾠand	 ﾠcompete	 ﾠfor	 ﾠjobs	 ﾠin	 ﾠ
the	 ﾠsame	 ﾠinstitutions	 ﾠas	 ﾠAmerican	 ﾠmathematicians.	 ﾠIf	 ﾠthe	 ﾠexternalities	 ﾠarising	 ﾠfrom	 ﾠthe	 ﾠ
entry	 ﾠof	 ﾠthe	 ﾠhighly	 ﾠskilled	 ﾠSoviets	 ﾠspecializing	 ﾠin	 ﾠa	 ﾠrelatively	 ﾠsmall	 ﾠset	 ﾠof	 ﾠmathematical	 ﾠ
fields	 ﾠare	 ﾠweak	 ﾠor	 ﾠnon-ﾭ‐existent,	 ﾠwe	 ﾠwould	 ﾠexpect	 ﾠthat	 ﾠthe	 ﾠAmerican	 ﾠ“intellectual	 ﾠ
competitors”	 ﾠof	 ﾠthe	 ﾠSoviets	 ﾠwould	 ﾠbecome	 ﾠless	 ﾠproductive	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠthe	 ﾠinflux	 ﾠand	 ﾠthe	 ﾠ
coefficient	 ﾠθ	 ﾠwould	 ﾠbe	 ﾠnegative.	 ﾠ
	 ﾠ The	 ﾠcontrol	 ﾠgroup	 ﾠin	 ﾠour	 ﾠempirical	 ﾠexercise	 ﾠconsists	 ﾠof	 ﾠAmerican	 ﾠmathematicians	 ﾠ
who	 ﾠprior	 ﾠto	 ﾠ1990	 ﾠdid	 ﾠnot	 ﾠspecialize	 ﾠin	 ﾠthe	 ﾠfields	 ﾠdominated	 ﾠby	 ﾠthe	 ﾠSoviets.	 ﾠThis	 ﾠcontrol	 ﾠ
group	 ﾠnot	 ﾠonly	 ﾠexperienced	 ﾠa	 ﾠsmaller	 ﾠSoviet	 ﾠinflux	 ﾠpost-ﾭ‐1992	 ﾠ(see	 ﾠFigure	 ﾠVI),	 ﾠbut	 ﾠit	 ﾠalso	 ﾠdid	 ﾠ
not	 ﾠgain	 ﾠdirectly	 ﾠfrom	 ﾠthe	 ﾠinflux	 ﾠof	 ﾠnew	 ﾠideas.	 ﾠSpecifically,	 ﾠthe	 ﾠexposure	 ﾠto	 ﾠSoviet	 ﾠideas	 ﾠwas	 ﾠ
unlikely	 ﾠto	 ﾠbe	 ﾠuseful	 ﾠto	 ﾠAmerican	 ﾠmathematicians	 ﾠworking	 ﾠin	 ﾠU.S.	 ﾠdominated	 ﾠfields:	 ﾠout	 ﾠof	 ﾠ
all	 ﾠthe	 ﾠreferences	 ﾠcited	 ﾠby	 ﾠarticles	 ﾠin	 ﾠthe	 ﾠtop	 ﾠ10	 ﾠU.S.	 ﾠdominated	 ﾠfields,	 ﾠonly	 ﾠ5	 ﾠpercent	 ﾠof	 ﾠ
these	 ﾠreferences	 ﾠare	 ﾠto	 ﾠarticles	 ﾠin	 ﾠSoviet-ﾭ‐dominated	 ﾠfields.	 ﾠTherefore,	 ﾠthere	 ﾠis	 ﾠlittle	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
32	 ﾠThe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠa	 ﾠpaper	 ﾠpublished	 ﾠin	 ﾠyear	 ﾠt	 ﾠis	 ﾠmeasured	 ﾠas	 ﾠof	 ﾠcalendar	 ﾠyear	 ﾠ2009.	 ﾠ  27 
evidence	 ﾠof	 ﾠcomplementarities	 ﾠacross	 ﾠthe	 ﾠintellectually	 ﾠdistant	 ﾠfields	 ﾠpursued	 ﾠby	 ﾠSoviet	 ﾠand	 ﾠ
American	 ﾠmathematicians.	 ﾠ
	 ﾠ Table	 ﾠIII	 ﾠreports	 ﾠthe	 ﾠestimates	 ﾠof	 ﾠthe	 ﾠcoefficient	 ﾠθ	 ﾠobtained	 ﾠfrom	 ﾠa	 ﾠvariety	 ﾠof	 ﾠ
different	 ﾠregression	 ﾠspecifications.	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠtwo	 ﾠdependent	 ﾠvariables	 ﾠand	 ﾠthree	 ﾠ
measures	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindex,	 ﾠwe	 ﾠestimated	 ﾠthe	 ﾠregression	 ﾠon	 ﾠtwo	 ﾠalternative	 ﾠsamples	 ﾠof	 ﾠ
American	 ﾠmathematicians:	 ﾠthe	 ﾠsample	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠmathematicians	 ﾠdefined	 ﾠ
earlier,	 ﾠas	 ﾠwell	 ﾠas	 ﾠa	 ﾠsample	 ﾠof	 ﾠ“exclusively”	 ﾠAmerican	 ﾠmathematicians.	 ﾠThe	 ﾠsample	 ﾠof	 ﾠ
exclusively	 ﾠAmerican	 ﾠmathematicians	 ﾠis	 ﾠthe	 ﾠsubset	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠ
mathematicians	 ﾠwho	 ﾠwere	 ﾠalways	 ﾠaffiliated	 ﾠwith	 ﾠan	 ﾠAmerican	 ﾠinstitution	 ﾠbefore	 ﾠ1990.33	 ﾠIt	 ﾠ
is	 ﾠimportant	 ﾠto	 ﾠnote	 ﾠ(and	 ﾠis	 ﾠobvious	 ﾠfrom	 ﾠbiographies	 ﾠof	 ﾠthe	 ﾠsuperstars	 ﾠlisted	 ﾠin	 ﾠTable	 ﾠII)	 ﾠ
that	 ﾠeither	 ﾠdefinition	 ﾠof	 ﾠan	 ﾠ“American”	 ﾠmathematician	 ﾠincludes	 ﾠlarge	 ﾠnumbers	 ﾠof	 ﾠforeign-ﾭ‐
born	 ﾠpersons.	 ﾠThese	 ﾠforeign-ﾭ‐born	 ﾠmathematicians	 ﾠmay	 ﾠhave	 ﾠeither	 ﾠmigrated	 ﾠto	 ﾠthe	 ﾠUnited	 ﾠ
States	 ﾠafter	 ﾠpublishing	 ﾠsome	 ﾠinitial	 ﾠwork	 ﾠabroad,	 ﾠor	 ﾠfirst	 ﾠarrived	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠas	 ﾠ
foreign	 ﾠstudents	 ﾠand	 ﾠstayed	 ﾠin	 ﾠthe	 ﾠcountry	 ﾠafter	 ﾠreceiving	 ﾠthe	 ﾠdoctorate.	 ﾠ
	 ﾠ Regardless	 ﾠof	 ﾠthe	 ﾠvarious	 ﾠspecification	 ﾠchanges,	 ﾠthe	 ﾠresults	 ﾠreported	 ﾠin	 ﾠpanel	 ﾠA	 ﾠof	 ﾠ
Table	 ﾠIII	 ﾠare	 ﾠrobust.	 ﾠIn	 ﾠparticular,	 ﾠall	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindices	 ﾠhave	 ﾠa	 ﾠstrong	 ﾠnegative	 ﾠimpact	 ﾠ
on	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠproductivity	 ﾠof	 ﾠAmerican	 ﾠmathematicians.	 ﾠIt	 ﾠis	 ﾠinstructive	 ﾠto	 ﾠgive	 ﾠa	 ﾠ
numerical	 ﾠexample	 ﾠto	 ﾠemphasize	 ﾠthat	 ﾠthe	 ﾠquantitative	 ﾠimpact	 ﾠon	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
publications	 ﾠis	 ﾠnumerically	 ﾠimportant.	 ﾠIn	 ﾠterms	 ﾠof	 ﾠthe	 ﾠcorrelation	 ﾠcoefficient,	 ﾠfor	 ﾠinstance,	 ﾠ
an	 ﾠincrease	 ﾠfrom	 ﾠρ	 ﾠ=	 ﾠ0	 ﾠto	 ﾠρ	 ﾠ=	 ﾠ1	 ﾠ(so	 ﾠthat	 ﾠthe	 ﾠpre-ﾭ‐1990	 ﾠfield	 ﾠdistribution	 ﾠshifts	 ﾠfrom	 ﾠone	 ﾠ
where	 ﾠthe	 ﾠAmerican	 ﾠmathematician’s	 ﾠwork	 ﾠis	 ﾠuncorrelated	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets	 ﾠto	 ﾠone	 ﾠ
where	 ﾠthe	 ﾠmathematician’s	 ﾠresearch	 ﾠinterests	 ﾠperfectly	 ﾠoverlap)	 ﾠreduces	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
	 ﾠ	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 ﾠ	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 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
33	 ﾠThere	 ﾠare	 ﾠ27,663	 ﾠpersons	 ﾠin	 ﾠthe	 ﾠsample	 ﾠof	 ﾠexclusively	 ﾠAmerican	 ﾠmathematicians.	 ﾠ  28 
publications	 ﾠin	 ﾠany	 ﾠparticular	 ﾠyear	 ﾠby	 ﾠ0.13.	 ﾠThe	 ﾠregression,	 ﾠtherefore,	 ﾠpredicts	 ﾠthat	 ﾠthe	 ﾠ
average	 ﾠAmerican’s	 ﾠproductivity	 ﾠfell	 ﾠby	 ﾠ2.2	 ﾠpapers	 ﾠ(or	 ﾠ0.13	 ﾠ×	 ﾠ17)	 ﾠover	 ﾠthe	 ﾠ1992-ﾭ‐2008	 ﾠ
period.	 ﾠAs	 ﾠTable	 ﾠI	 ﾠshows,	 ﾠthe	 ﾠaverage	 ﾠAmerican	 ﾠmathematician	 ﾠpublished	 ﾠ6.8	 ﾠpapers	 ﾠduring	 ﾠ
the	 ﾠperiod,	 ﾠso	 ﾠthat	 ﾠthe	 ﾠSoviet	 ﾠsupply	 ﾠshock	 ﾠreduced	 ﾠproductivity	 ﾠby	 ﾠaround	 ﾠa	 ﾠthird.	 ﾠ	 ﾠ
	 ﾠ It	 ﾠis	 ﾠeasy	 ﾠto	 ﾠdemonstrate	 ﾠgraphically	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠsupply	 ﾠshock	 ﾠon	 ﾠthe	 ﾠ
productivity	 ﾠof	 ﾠAmerican	 ﾠmathematicians	 ﾠwith	 ﾠoverlapping	 ﾠresearch	 ﾠagendas.	 ﾠSuppose	 ﾠwe	 ﾠ
classify	 ﾠmathematicians	 ﾠwhose	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠis	 ﾠin	 ﾠthe	 ﾠupper	 ﾠquartile	 ﾠof	 ﾠthe	 ﾠ
distribution	 ﾠas	 ﾠ“highly	 ﾠexposed,”	 ﾠwhile	 ﾠthe	 ﾠgroup	 ﾠin	 ﾠthe	 ﾠbottom	 ﾠquartile	 ﾠhas	 ﾠlow	 ﾠexposure.	 ﾠ
As	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠVIIa,	 ﾠthe	 ﾠraw	 ﾠtrends	 ﾠin	 ﾠthe	 ﾠaverage	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠthe	 ﾠ
average	 ﾠmathematician	 ﾠin	 ﾠeach	 ﾠof	 ﾠthese	 ﾠtwo	 ﾠgroups	 ﾠare	 ﾠrevealing.	 ﾠPrior	 ﾠto	 ﾠ1990,	 ﾠthe	 ﾠhighly	 ﾠ
exposed	 ﾠgroup	 ﾠhad	 ﾠa	 ﾠslight	 ﾠupward	 ﾠtrend,	 ﾠwhile	 ﾠthe	 ﾠleast	 ﾠexposed	 ﾠgroup	 ﾠhad	 ﾠa	 ﾠslight	 ﾠ
downward	 ﾠtrend.	 ﾠAfter	 ﾠ1990,	 ﾠhowever,	 ﾠthere	 ﾠis	 ﾠa	 ﾠprecipitous	 ﾠ(absolute	 ﾠand	 ﾠrelative)	 ﾠ
decline	 ﾠin	 ﾠthe	 ﾠpublication	 ﾠrate	 ﾠof	 ﾠthe	 ﾠgroup	 ﾠwhose	 ﾠresearch	 ﾠagenda	 ﾠoverlaps	 ﾠmost	 ﾠwith	 ﾠthe	 ﾠ
Soviets.	 ﾠThe	 ﾠtrends	 ﾠin	 ﾠthe	 ﾠadjusted	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ(after	 ﾠremoving	 ﾠindividual	 ﾠfixed	 ﾠ
effects)	 ﾠshown	 ﾠin	 ﾠFigure	 ﾠVIIb	 ﾠreveal	 ﾠa	 ﾠcontinuation	 ﾠof	 ﾠprevious	 ﾠtrends	 ﾠfor	 ﾠthe	 ﾠleast	 ﾠexposed	 ﾠ
mathematicians,	 ﾠand	 ﾠa	 ﾠstriking	 ﾠreversal	 ﾠof	 ﾠtrends	 ﾠfor	 ﾠthe	 ﾠhighly	 ﾠexposed	 ﾠmathematicians.	 ﾠ
Table	 ﾠIII	 ﾠalso	 ﾠreports	 ﾠthe	 ﾠestimates	 ﾠof	 ﾠthe	 ﾠcoefficient	 ﾠθ	 ﾠwhen	 ﾠthe	 ﾠdependent	 ﾠvariable	 ﾠ
is	 ﾠthe	 ﾠISI	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠ(or	 ﾠroughly	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpublications	 ﾠweighted	 ﾠby	 ﾠ
quality).34	 ﾠThe	 ﾠevidence	 ﾠdocuments	 ﾠa	 ﾠlarge	 ﾠdecline	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠwritten	 ﾠby	 ﾠ
American	 ﾠmathematicians	 ﾠwhose	 ﾠresearch	 ﾠinterests	 ﾠgreatly	 ﾠoverlap	 ﾠwith	 ﾠthose	 ﾠof	 ﾠthe	 ﾠ
Soviets.	 ﾠIn	 ﾠother	 ﾠwords,	 ﾠnot	 ﾠonly	 ﾠare	 ﾠthe	 ﾠcompeting	 ﾠmathematicians	 ﾠproducing	 ﾠfewer	 ﾠ
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34	 ﾠWe	 ﾠalso	 ﾠestimated	 ﾠthe	 ﾠregressions	 ﾠusing	 ﾠthe	 ﾠAMS	 ﾠcount	 ﾠof	 ﾠcitations	 ﾠas	 ﾠthe	 ﾠdependent	 ﾠvariable.	 ﾠAs	 ﾠwith	 ﾠthe	 ﾠ
ISI	 ﾠdata,	 ﾠall	 ﾠof	 ﾠthe	 ﾠinteraction	 ﾠcoefficients	 ﾠare	 ﾠnegative	 ﾠand	 ﾠsignificant	 ﾠregardless	 ﾠof	 ﾠthe	 ﾠmeasure	 ﾠof	 ﾠoverlap	 ﾠ
used.	 ﾠ  29 
papers,	 ﾠbut	 ﾠalso	 ﾠthe	 ﾠwork	 ﾠthey	 ﾠproduce	 ﾠis	 ﾠof	 ﾠ“lower	 ﾠquality”	 ﾠin	 ﾠthe	 ﾠsense	 ﾠthat	 ﾠit	 ﾠgenerates	 ﾠ
many	 ﾠfewer	 ﾠcitations.	 ﾠA	 ﾠone-ﾭ‐unit	 ﾠshift	 ﾠin	 ﾠthe	 ﾠcorrelation	 ﾠcoefficient	 ﾠwould	 ﾠreduce	 ﾠthe	 ﾠ
number	 ﾠby	 ﾠabout	 ﾠ20	 ﾠcitations	 ﾠper	 ﾠyear.	 ﾠ
The	 ﾠnext	 ﾠtwo	 ﾠpanels	 ﾠof	 ﾠTable	 ﾠIII	 ﾠaddress	 ﾠthe	 ﾠquestion	 ﾠof	 ﾠwhether	 ﾠthese	 ﾠeffects	 ﾠ
persist	 ﾠin	 ﾠthe	 ﾠlong	 ﾠrun.	 ﾠIn	 ﾠpanel	 ﾠB,	 ﾠwe	 ﾠrestrict	 ﾠthe	 ﾠanalysis	 ﾠto	 ﾠthe	 ﾠyears	 ﾠ1978-ﾭ‐1999,	 ﾠso	 ﾠthat	 ﾠ
the	 ﾠregressions	 ﾠmeasure	 ﾠthe	 ﾠshort-ﾭ‐run	 ﾠproductivity	 ﾠeffect,	 ﾠwhile	 ﾠpanel	 ﾠC	 ﾠonly	 ﾠincludes	 ﾠthe	 ﾠ
years	 ﾠ1978-ﾭ‐1989	 ﾠand	 ﾠ2000-ﾭ‐2008,	 ﾠso	 ﾠthat	 ﾠthe	 ﾠproductivity	 ﾠimpact	 ﾠis	 ﾠmeasured	 ﾠroughly	 ﾠ10	 ﾠ
to	 ﾠ15	 ﾠyears	 ﾠafter	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠoccurred.	 ﾠThe	 ﾠperhaps	 ﾠsurprising	 ﾠfinding	 ﾠin	 ﾠthe	 ﾠtable	 ﾠis	 ﾠ
that,	 ﾠif	 ﾠanything,	 ﾠthe	 ﾠlong	 ﾠrun	 ﾠeffects	 ﾠare	 ﾠlarger	 ﾠthan	 ﾠthe	 ﾠshort-ﾭ‐run	 ﾠeffects	 ﾠ(although	 ﾠthe	 ﾠ
difference	 ﾠis	 ﾠsometimes	 ﾠnot	 ﾠstatistically	 ﾠsignificant).	 ﾠIt	 ﾠis	 ﾠtypically	 ﾠvery	 ﾠdifficult	 ﾠfor	 ﾠ
academics	 ﾠto	 ﾠreenter	 ﾠthe	 ﾠpublications	 ﾠmarket	 ﾠonce	 ﾠthey	 ﾠhave	 ﾠtaken	 ﾠsome	 ﾠyears	 ﾠoff	 ﾠfrom	 ﾠ
successful	 ﾠactive	 ﾠresearch.	 ﾠIn	 ﾠacademia,	 ﾠthe	 ﾠshort	 ﾠrun	 ﾠis	 ﾠthe	 ﾠlong	 ﾠrun.35	 ﾠ
A	 ﾠpotential	 ﾠproblem	 ﾠwith	 ﾠthese	 ﾠregression	 ﾠresults	 ﾠis	 ﾠthat	 ﾠalthough	 ﾠthey	 ﾠinclude	 ﾠyear	 ﾠ
fixed	 ﾠeffects	 ﾠto	 ﾠnet	 ﾠout	 ﾠany	 ﾠtrends	 ﾠin	 ﾠtotal	 ﾠoutput	 ﾠin	 ﾠthe	 ﾠmathematics	 ﾠdiscipline,	 ﾠthere	 ﾠmay	 ﾠ
be	 ﾠfield-ﾭ‐specific	 ﾠtime	 ﾠtrends	 ﾠthat	 ﾠmay	 ﾠbe	 ﾠspuriously	 ﾠcorrelated	 ﾠwith	 ﾠthe	 ﾠSoviet	 ﾠinflux.	 ﾠFor	 ﾠ
instance,	 ﾠSoviet-ﾭ‐style	 ﾠfields	 ﾠmay	 ﾠhave	 ﾠexperienced	 ﾠa	 ﾠdifferential	 ﾠresponse	 ﾠin	 ﾠfunding	 ﾠor	 ﾠ
intellectual	 ﾠattention	 ﾠafter	 ﾠthe	 ﾠcold	 ﾠwar	 ﾠ(though	 ﾠwe	 ﾠhave	 ﾠfound	 ﾠno	 ﾠevidence	 ﾠfor	 ﾠthis	 ﾠin	 ﾠour	 ﾠ
historical	 ﾠresearch).	 ﾠTo	 ﾠdetermine	 ﾠif	 ﾠthe	 ﾠresults	 ﾠare	 ﾠsensitive	 ﾠto	 ﾠthe	 ﾠinclusion	 ﾠof	 ﾠarbitrary	 ﾠ
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35	 ﾠIn	 ﾠthe	 ﾠlong	 ﾠrun,	 ﾠwe	 ﾠwould	 ﾠhave	 ﾠexpected	 ﾠresources	 ﾠto	 ﾠbe	 ﾠmoved	 ﾠto	 ﾠthe	 ﾠaffected	 ﾠfields.	 ﾠIt	 ﾠis	 ﾠunclear,	 ﾠ
however,	 ﾠthat	 ﾠsuch	 ﾠadjustments	 ﾠtook	 ﾠplace.	 ﾠIn	 ﾠfact,	 ﾠfederal	 ﾠobligations	 ﾠto	 ﾠuniversities	 ﾠand	 ﾠcolleges	 ﾠfor	 ﾠ
research	 ﾠin	 ﾠmathematics	 ﾠdeclined	 ﾠslightly	 ﾠ(in	 ﾠreal	 ﾠdollars)	 ﾠduring	 ﾠthe	 ﾠ1990s;	 ﾠsee	 ﾠU.S.	 ﾠNational	 ﾠScience	 ﾠ
Foundation	 ﾠ(2004,	 ﾠTable	 ﾠ1a).	 ﾠAnecdotal	 ﾠevidence	 ﾠalso	 ﾠsuggests	 ﾠthat	 ﾠit	 ﾠwas	 ﾠdifficult	 ﾠto	 ﾠobtain	 ﾠadditional	 ﾠ
resources	 ﾠfor	 ﾠhiring	 ﾠSoviet	 ﾠmathematicians.	 ﾠPersonal	 ﾠcommunication	 ﾠwith	 ﾠProfessor	 ﾠArthur	 ﾠJaffe	 ﾠprovides	 ﾠ
two	 ﾠsuch	 ﾠexamples.	 ﾠProfessor	 ﾠJaffe	 ﾠwas	 ﾠChair	 ﾠof	 ﾠthe	 ﾠHarvard	 ﾠmathematics	 ﾠdepartment	 ﾠat	 ﾠthe	 ﾠtime	 ﾠand	 ﾠ
requested	 ﾠresources	 ﾠto	 ﾠhire	 ﾠtwo	 ﾠSoviet	 ﾠmathematicians	 ﾠclassified	 ﾠas	 ﾠ“Targets	 ﾠof	 ﾠOpportunity.”	 ﾠThe	 ﾠDean	 ﾠof	 ﾠthe	 ﾠ
College	 ﾠdenied	 ﾠthe	 ﾠrequest,	 ﾠalthough	 ﾠHarvard	 ﾠPresident	 ﾠDerek	 ﾠBok	 ﾠbelatedly	 ﾠreversed	 ﾠthat	 ﾠdecision.	 ﾠSimilarly,	 ﾠ
Jaffe	 ﾠand	 ﾠBok	 ﾠcontacted	 ﾠ54	 ﾠfoundations	 ﾠrequesting	 ﾠfinancial	 ﾠassistance	 ﾠto	 ﾠfund	 ﾠthe	 ﾠtransition	 ﾠof	 ﾠSoviet	 ﾠ
mathematicians	 ﾠinto	 ﾠthe	 ﾠAmerican	 ﾠmathematics	 ﾠcommunity.	 ﾠAll	 ﾠof	 ﾠthe	 ﾠfunding	 ﾠrequests	 ﾠwere	 ﾠdenied.	 ﾠ  30 
field-ﾭ‐specific	 ﾠtrends,	 ﾠwe	 ﾠre-ﾭ‐estimated	 ﾠthe	 ﾠmodel	 ﾠwith	 ﾠa	 ﾠfull	 ﾠset	 ﾠof	 ﾠfield-ﾭ‐year	 ﾠfixed	 ﾠeffects	 ﾠin	 ﾠa	 ﾠ
sample	 ﾠconstructed	 ﾠso	 ﾠthat	 ﾠa	 ﾠparticular	 ﾠobservation	 ﾠrepresents	 ﾠan	 ﾠauthor-ﾭ‐field-ﾭ‐year	 ﾠcell.	 ﾠIn	 ﾠ
other	 ﾠwords,	 ﾠour	 ﾠdata	 ﾠnow	 ﾠconsists	 ﾠof	 ﾠthe	 ﾠpublication	 ﾠhistory	 ﾠof	 ﾠeach	 ﾠAmerican	 ﾠ
mathematician	 ﾠin	 ﾠeach	 ﾠof	 ﾠthe	 ﾠ63	 ﾠfields	 ﾠin	 ﾠmathematics	 ﾠfor	 ﾠeach	 ﾠyear	 ﾠin	 ﾠour	 ﾠsample	 ﾠperiod.	 ﾠ
Of	 ﾠcourse,	 ﾠmany	 ﾠof	 ﾠthe	 ﾠvalues	 ﾠin	 ﾠthe	 ﾠdependent	 ﾠvariable	 ﾠin	 ﾠthis	 ﾠregression	 ﾠwill	 ﾠbe	 ﾠzero	 ﾠ
simply	 ﾠbecause	 ﾠfew	 ﾠmathematicians	 ﾠpublish	 ﾠanything	 ﾠat	 ﾠall	 ﾠin	 ﾠa	 ﾠparticular	 ﾠyear,	 ﾠand	 ﾠfewer	 ﾠ
still	 ﾠpublish	 ﾠa	 ﾠpaper	 ﾠin	 ﾠmore	 ﾠthan	 ﾠone	 ﾠfield.	 ﾠ
The	 ﾠgeneralized	 ﾠregression	 ﾠmodel	 ﾠis	 ﾠgiven	 ﾠby:	 ﾠ
	 ﾠ
(4)	 ﾠ 	 ﾠ yij(t)	 ﾠ=	 ﾠφi	 ﾠ+	 ﾠφj	 ﾠ+	 ﾠφt	 ﾠ+	 ﾠ(φj	 ﾠ×	 ﾠφt)	 ﾠ+	 ﾠXi(t)	 ﾠγ	 ﾠ	 ﾠ+	 ﾠθ	 ﾠ(T	 ﾠ×	 ﾠIndexi)	 ﾠ+	 ﾠεij(t),	 ﾠ
	 ﾠ
where	 ﾠyij(t)	 ﾠis	 ﾠa	 ﾠmeasure	 ﾠof	 ﾠthe	 ﾠmarginal	 ﾠproduct	 ﾠof	 ﾠmathematician	 ﾠi	 ﾠin	 ﾠfield	 ﾠj	 ﾠat	 ﾠtime	 ﾠt;	 ﾠφj	 ﾠis	 ﾠ
a	 ﾠvector	 ﾠof	 ﾠfield	 ﾠfixed	 ﾠeffects;	 ﾠand	 ﾠ(φj	 ﾠ×	 ﾠφt)	 ﾠrepresents	 ﾠall	 ﾠpossible	 ﾠinteractions	 ﾠbetween	 ﾠthe	 ﾠ
field	 ﾠand	 ﾠyear	 ﾠfixed	 ﾠeffects.	 ﾠ
The	 ﾠbottom	 ﾠpanel	 ﾠof	 ﾠTable	 ﾠIII	 ﾠsummarizes	 ﾠthe	 ﾠregression	 ﾠresults.	 ﾠIt	 ﾠis	 ﾠevident	 ﾠthat	 ﾠ
the	 ﾠcoefficient	 ﾠθ	 ﾠremains	 ﾠnegative	 ﾠand	 ﾠsignificant	 ﾠeven	 ﾠafter	 ﾠcontrolling	 ﾠfor	 ﾠthe	 ﾠfield-ﾭ‐year	 ﾠ
fixed	 ﾠeffects,	 ﾠregardless	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠused.	 ﾠThe	 ﾠnumerical	 ﾠmagnitude	 ﾠof	 ﾠthe	 ﾠ
coefficient	 ﾠis	 ﾠsmaller	 ﾠthan	 ﾠthat	 ﾠof	 ﾠthe	 ﾠanalogous	 ﾠcoefficient	 ﾠreported	 ﾠin	 ﾠPanel	 ﾠA,	 ﾠbut	 ﾠthis	 ﾠis	 ﾠ
simply	 ﾠa	 ﾠmechanical	 ﾠeffect	 ﾠbecause	 ﾠthe	 ﾠtotal	 ﾠimpact	 ﾠon	 ﾠpublications	 ﾠis	 ﾠdivided	 ﾠamong	 ﾠthe	 ﾠ
63	 ﾠfields	 ﾠthat	 ﾠmake	 ﾠup	 ﾠthe	 ﾠmathematics	 ﾠdiscipline.	 ﾠOnce	 ﾠwe	 ﾠscale	 ﾠthe	 ﾠcoefficient	 ﾠproperly	 ﾠ
(by	 ﾠmultiplying	 ﾠby	 ﾠ63),	 ﾠthe	 ﾠregression	 ﾠcoefficients	 ﾠreported	 ﾠin	 ﾠPanel	 ﾠD	 ﾠare,	 ﾠin	 ﾠfact,	 ﾠ
remarkably	 ﾠsimilar	 ﾠto	 ﾠthose	 ﾠin	 ﾠPanel	 ﾠA.	 ﾠThe	 ﾠregression	 ﾠresults,	 ﾠtherefore,	 ﾠindicate	 ﾠthat	 ﾠ
arbitrarily	 ﾠcomplicated	 ﾠfield-ﾭ‐specific	 ﾠtrends	 ﾠdo	 ﾠnot	 ﾠaccount	 ﾠfor	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠbreak	 ﾠin	 ﾠthe	 ﾠ  31 
evolution	 ﾠof	 ﾠpublications	 ﾠfor	 ﾠmathematicians	 ﾠwhose	 ﾠresearch	 ﾠinterests	 ﾠgreatly	 ﾠoverlapped	 ﾠ
with	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠémigrés.	 ﾠ
	 ﾠ Although	 ﾠTable	 ﾠIII	 ﾠdescribes	 ﾠhow	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠaffected	 ﾠthe	 ﾠmean	 ﾠ
productivity	 ﾠof	 ﾠAmerican	 ﾠmathematicians,	 ﾠit	 ﾠis	 ﾠof	 ﾠinterest	 ﾠto	 ﾠmeasure	 ﾠthe	 ﾠimpact	 ﾠat	 ﾠextreme	 ﾠ
points	 ﾠin	 ﾠthe	 ﾠquality	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠworkforce.	 ﾠConsider	 ﾠinitially	 ﾠthe	 ﾠimpact	 ﾠ
of	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠat	 ﾠthe	 ﾠtop	 ﾠof	 ﾠthe	 ﾠquality	 ﾠdistribution.	 ﾠAlthough	 ﾠthe	 ﾠmean	 ﾠAmerican	 ﾠ
mathematician	 ﾠwas	 ﾠnegatively	 ﾠaffected,	 ﾠthose	 ﾠlosses	 ﾠcould	 ﾠperhaps	 ﾠbe	 ﾠmore	 ﾠthan	 ﾠoffset	 ﾠby	 ﾠ
an	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠlikelihood	 ﾠthat	 ﾠtop	 ﾠAmerican	 ﾠmathematicians	 ﾠproduced	 ﾠmore	 ﾠ“home	 ﾠ
runs.”	 ﾠWe	 ﾠdefine	 ﾠa	 ﾠhome	 ﾠrun	 ﾠas	 ﾠa	 ﾠpaper	 ﾠthat	 ﾠis	 ﾠin	 ﾠthe	 ﾠtop	 ﾠtail	 ﾠof	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠcitations	 ﾠ
among	 ﾠall	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠa	 ﾠparticular	 ﾠyear.36	 ﾠTo	 ﾠassess	 ﾠthe	 ﾠsensitivity	 ﾠof	 ﾠthe	 ﾠresults,	 ﾠ
we	 ﾠuse	 ﾠthree	 ﾠalternative	 ﾠdefinitions	 ﾠof	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns:	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠthat	 ﾠ
the	 ﾠmathematician	 ﾠhas	 ﾠpublished	 ﾠin	 ﾠany	 ﾠgiven	 ﾠyear	 ﾠthat	 ﾠlie	 ﾠabove	 ﾠthe	 ﾠ90th,	 ﾠthe	 ﾠ95th,	 ﾠor	 ﾠthe	 ﾠ
99th	 ﾠlifetime	 ﾠcitation	 ﾠpercentile	 ﾠfor	 ﾠpapers	 ﾠpublished	 ﾠthat	 ﾠyear.	 ﾠSince	 ﾠthe	 ﾠsignal	 ﾠvalue	 ﾠof	 ﾠ
citations	 ﾠreceived	 ﾠby	 ﾠrecent	 ﾠpublications	 ﾠis	 ﾠvery	 ﾠweak	 ﾠ(i.e.,	 ﾠthe	 ﾠpapers	 ﾠhave	 ﾠnot	 ﾠbeen	 ﾠout	 ﾠ
long	 ﾠenough	 ﾠto	 ﾠbe	 ﾠcited),	 ﾠwe	 ﾠrestrict	 ﾠthe	 ﾠanalysis	 ﾠto	 ﾠpapers	 ﾠpublished	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ
2005,	 ﾠa	 ﾠperiod	 ﾠwhere	 ﾠwe	 ﾠcan	 ﾠreasonably	 ﾠdistinguish	 ﾠbetween	 ﾠhome	 ﾠruns	 ﾠand	 ﾠrun-ﾭ‐of-ﾭ‐the-ﾭ‐
mill	 ﾠpapers.	 ﾠ
By	 ﾠconstruction,	 ﾠa	 ﾠhome	 ﾠrun	 ﾠis	 ﾠa	 ﾠvery	 ﾠrare	 ﾠevent.	 ﾠAfter	 ﾠall,	 ﾠthe	 ﾠmodal	 ﾠnumber	 ﾠof	 ﾠ
publications	 ﾠfor	 ﾠan	 ﾠactive	 ﾠmathematician	 ﾠin	 ﾠany	 ﾠgiven	 ﾠyear	 ﾠis	 ﾠzero.	 ﾠAs	 ﾠis	 ﾠcommon	 ﾠin	 ﾠthe	 ﾠ
literature	 ﾠthat	 ﾠexamines	 ﾠthese	 ﾠtypes	 ﾠof	 ﾠrare	 ﾠpublication	 ﾠevents,	 ﾠwe	 ﾠuse	 ﾠa	 ﾠPoisson	 ﾠregression	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
36	 ﾠTo	 ﾠestimate	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠpublished	 ﾠby	 ﾠmathematician	 ﾠi	 ﾠin	 ﾠyear	 ﾠt,	 ﾠwe	 ﾠfirst	 ﾠcalculated	 ﾠthe	 ﾠtotal	 ﾠ
number	 ﾠof	 ﾠ(worldwide)	 ﾠlifetime	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠeach	 ﾠarticle	 ﾠin	 ﾠthe	 ﾠISI	 ﾠdatabase	 ﾠthat	 ﾠhad	 ﾠbeen	 ﾠ
successfully	 ﾠmatched	 ﾠto	 ﾠthe	 ﾠAMS	 ﾠdatabase.	 ﾠWe	 ﾠused	 ﾠthese	 ﾠlifetime	 ﾠcitation	 ﾠtotals	 ﾠto	 ﾠcalculate	 ﾠthe	 ﾠ90th	 ﾠ
percentile,	 ﾠ95th	 ﾠpercentile,	 ﾠand	 ﾠ99th	 ﾠpercentile	 ﾠthresholds	 ﾠof	 ﾠthe	 ﾠcitations	 ﾠdistribution	 ﾠfor	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠ
each	 ﾠyear.	 ﾠWe	 ﾠthen	 ﾠused	 ﾠthe	 ﾠmatched	 ﾠAMS/ISI	 ﾠdatabase	 ﾠto	 ﾠcount	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠthat	 ﾠa	 ﾠparticular	 ﾠ
mathematician	 ﾠpublished	 ﾠeach	 ﾠyear	 ﾠthat	 ﾠexceed	 ﾠthese	 ﾠthreshold	 ﾠpercentiles.	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model	 ﾠto	 ﾠexamine	 ﾠhow	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠaffected	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠ
published	 ﾠby	 ﾠAmerican	 ﾠmathematicians.	 ﾠThe	 ﾠPoisson	 ﾠmodel	 ﾠcan	 ﾠbe	 ﾠinterpreted	 ﾠas	 ﾠa	 ﾠ
regression	 ﾠwhere	 ﾠthe	 ﾠdependent	 ﾠvariable	 ﾠis	 ﾠthe	 ﾠexpected	 ﾠvalue	 ﾠof	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠrare	 ﾠ
events	 ﾠattained	 ﾠby	 ﾠa	 ﾠparticular	 ﾠobservation.	 ﾠIn	 ﾠparticular,	 ﾠlet:	 ﾠ
	 ﾠ
(5)	 ﾠ 	 ﾠ E[log	 ﾠHit]	 ﾠ=	 ﾠφi	 ﾠ+	 ﾠXit	 ﾠβ	 ﾠ+	 ﾠδ	 ﾠT	 ﾠ+	 ﾠεit,	 ﾠ
	 ﾠ
where	 ﾠHit	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠachieved	 ﾠby	 ﾠmathematician	 ﾠi	 ﾠin	 ﾠyear	 ﾠt;	 ﾠφi	 ﾠis	 ﾠan	 ﾠ
individual-ﾭ‐specific	 ﾠfixed	 ﾠeffect;	 ﾠand	 ﾠXit	 ﾠis	 ﾠa	 ﾠvector	 ﾠof	 ﾠcovariates,	 ﾠagain	 ﾠincluding	 ﾠthe	 ﾠ
mathematician’s	 ﾠyears	 ﾠof	 ﾠwork	 ﾠexperience	 ﾠ(introduced	 ﾠas	 ﾠa	 ﾠquartic	 ﾠpolynomial).	 ﾠTo	 ﾠclearly	 ﾠ
illustrate	 ﾠthe	 ﾠsource	 ﾠof	 ﾠthe	 ﾠadditional	 ﾠ(or	 ﾠfewer)	 ﾠhome	 ﾠruns	 ﾠhit	 ﾠby	 ﾠAmerican	 ﾠ
mathematicians	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠwe	 ﾠestimated	 ﾠthe	 ﾠPoisson	 ﾠregression	 ﾠ
separately	 ﾠfor	 ﾠthree	 ﾠdifferent	 ﾠgroups:	 ﾠthe	 ﾠgroup	 ﾠof	 ﾠleast	 ﾠexposed	 ﾠmathematicians	 ﾠ(below	 ﾠ
the	 ﾠ25th	 ﾠpercentile	 ﾠin	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠrespective	 ﾠmeasure	 ﾠof	 ﾠthe	 ﾠindex	 ﾠof	 ﾠoverlap);	 ﾠ
the	 ﾠgroup	 ﾠof	 ﾠmost	 ﾠexposed	 ﾠmathematicians	 ﾠ(above	 ﾠthe	 ﾠ75th	 ﾠpercentile),	 ﾠand	 ﾠthe	 ﾠresidual	 ﾠ
“middle”	 ﾠgroup.	 ﾠThe	 ﾠcoefficient	 ﾠof	 ﾠinterest	 ﾠis	 ﾠthe	 ﾠparameter	 ﾠδ,	 ﾠwhich	 ﾠmeasures	 ﾠthe	 ﾠpost-ﾭ‐
1992	 ﾠbreak	 ﾠin	 ﾠthe	 ﾠhome	 ﾠruns	 ﾠtrend	 ﾠfor	 ﾠthe	 ﾠvarious	 ﾠgroups	 ﾠof	 ﾠAmerican	 ﾠmathematicians.	 ﾠ
	 ﾠ The	 ﾠfirst	 ﾠthree	 ﾠcolumns	 ﾠof	 ﾠTable	 ﾠIV	 ﾠreport	 ﾠthe	 ﾠcoefficient	 ﾠof	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠindicator	 ﾠ
variable	 ﾠfor	 ﾠthe	 ﾠvarious	 ﾠspecifications.	 ﾠIt	 ﾠis	 ﾠevident	 ﾠthat	 ﾠthe	 ﾠexpected	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠ
written	 ﾠby	 ﾠmathematicians	 ﾠwho	 ﾠmost	 ﾠoverlapped	 ﾠwith	 ﾠthe	 ﾠSoviets	 ﾠdeclined	 ﾠdramatically	 ﾠ
after	 ﾠ1992.	 ﾠFor	 ﾠexample,	 ﾠconsider	 ﾠthe	 ﾠcoefficients	 ﾠestimated	 ﾠwhen	 ﾠthe	 ﾠmathematicians	 ﾠare	 ﾠ
classified	 ﾠaccording	 ﾠto	 ﾠtheir	 ﾠplacement	 ﾠin	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠcorrelation	 ﾠcoefficient.	 ﾠIf	 ﾠ
we	 ﾠdefine	 ﾠa	 ﾠhome	 ﾠrun	 ﾠas	 ﾠa	 ﾠpaper	 ﾠabove	 ﾠthe	 ﾠ95th	 ﾠpercentile	 ﾠof	 ﾠcitations,	 ﾠthe	 ﾠcoefficient	 ﾠfor	 ﾠ  33 
the	 ﾠmost	 ﾠexposed	 ﾠgroup	 ﾠis	 ﾠ-ﾭ‐0.204	 ﾠ(0.032),	 ﾠindicating	 ﾠthat	 ﾠa	 ﾠmathematician	 ﾠin	 ﾠthis	 ﾠgroup	 ﾠ
experienced	 ﾠa	 ﾠ20.4	 ﾠpercent	 ﾠdecline	 ﾠin	 ﾠthe	 ﾠexpected	 ﾠnumber	 ﾠof	 ﾠannual	 ﾠhome	 ﾠruns	 ﾠhit	 ﾠafter	 ﾠ
1992.	 ﾠIn	 ﾠcontrast,	 ﾠthe	 ﾠcoefficient	 ﾠfor	 ﾠthe	 ﾠleast	 ﾠexposed	 ﾠgroup	 ﾠis	 ﾠ0.058	 ﾠ(0.066),	 ﾠsuggesting	 ﾠ
that	 ﾠthe	 ﾠleast	 ﾠexposed	 ﾠmathematicians	 ﾠhad	 ﾠjust	 ﾠabout	 ﾠas	 ﾠmany	 ﾠhome	 ﾠruns	 ﾠbefore	 ﾠand	 ﾠafter	 ﾠ
the	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠIn	 ﾠfact,	 ﾠall	 ﾠthe	 ﾠregression	 ﾠmodels	 ﾠpredict	 ﾠan	 ﾠabsolute	 ﾠ(and	 ﾠ
numerically	 ﾠlarge)	 ﾠdecline	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠpublished	 ﾠby	 ﾠthe	 ﾠmost	 ﾠexposed	 ﾠ
mathematicians.	 ﾠIn	 ﾠcontrast,	 ﾠthe	 ﾠleast	 ﾠexposed	 ﾠmathematicians	 ﾠusually	 ﾠdid	 ﾠnot	 ﾠexperience	 ﾠa	 ﾠ
change	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠ(although	 ﾠthe	 ﾠpositive	 ﾠcoefficient	 ﾠis	 ﾠsignificant	 ﾠwhen	 ﾠ
using	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity).	 ﾠ
	 ﾠ Of	 ﾠcourse,	 ﾠit	 ﾠis	 ﾠpossible	 ﾠthat	 ﾠthe	 ﾠ“average”	 ﾠadverse	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠon	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠhome	 ﾠruns	 ﾠmasks	 ﾠa	 ﾠpotentially	 ﾠimportant	 ﾠgain	 ﾠwithin	 ﾠa	 ﾠsmall	 ﾠsubgroup	 ﾠof	 ﾠ
American	 ﾠmathematicians.	 ﾠElite	 ﾠinstitutions	 ﾠhired	 ﾠmany	 ﾠof	 ﾠthe	 ﾠémigrés.	 ﾠThese	 ﾠémigrés	 ﾠ
began	 ﾠto	 ﾠcoauthor	 ﾠwith	 ﾠtheir	 ﾠAmerican	 ﾠcolleagues	 ﾠ(as	 ﾠsuggested	 ﾠby	 ﾠFigure	 ﾠII).	 ﾠIn	 ﾠfact,	 ﾠ666	 ﾠ
pre-ﾭ‐existing	 ﾠAmerican	 ﾠmathematicians	 ﾠ(or	 ﾠ2.8	 ﾠpercent)	 ﾠcoauthored	 ﾠwith	 ﾠa	 ﾠSoviet	 ﾠémigré	 ﾠat	 ﾠ
some	 ﾠpoint	 ﾠafter	 ﾠ1992.37	 ﾠHowever,	 ﾠthe	 ﾠcoauthorship	 ﾠrate	 ﾠwas	 ﾠ5.7	 ﾠpercent	 ﾠamong	 ﾠhighly	 ﾠ
exposed	 ﾠAmerican	 ﾠmathematicians,	 ﾠand	 ﾠrose	 ﾠfurther	 ﾠto	 ﾠ8.0	 ﾠpercent	 ﾠamong	 ﾠthe	 ﾠhighly	 ﾠ
exposed	 ﾠmathematicians	 ﾠaffiliated	 ﾠwith	 ﾠthe	 ﾠtop	 ﾠ25	 ﾠinstitutions.	 ﾠ
	 ﾠ To	 ﾠdetermine	 ﾠif	 ﾠthe	 ﾠhigh	 ﾠrate	 ﾠof	 ﾠcoauthorship	 ﾠamong	 ﾠhighly	 ﾠexposed	 ﾠAmerican	 ﾠ
mathematicians	 ﾠled	 ﾠto	 ﾠan	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠhit	 ﾠby	 ﾠthese	 ﾠAmericans,	 ﾠwe	 ﾠ
re-ﾭ‐estimated	 ﾠthe	 ﾠregression	 ﾠin	 ﾠequation	 ﾠ(5)	 ﾠseparately	 ﾠby	 ﾠcoauthorship	 ﾠstatus.	 ﾠThe	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
37	 ﾠThe	 ﾠincidence	 ﾠof	 ﾠcoauthorship	 ﾠcan	 ﾠonly	 ﾠbe	 ﾠestimated	 ﾠin	 ﾠthe	 ﾠmatched	 ﾠAMS/ISI	 ﾠdatabase.	 ﾠA	 ﾠhighly	 ﾠexposed	 ﾠ
mathematician	 ﾠis	 ﾠsomeone	 ﾠwho	 ﾠis	 ﾠin	 ﾠthe	 ﾠtop	 ﾠquartile	 ﾠof	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity.	 ﾠThe	 ﾠ
institutions	 ﾠwere	 ﾠranked	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠduring	 ﾠbetween	 ﾠ1984	 ﾠand	 ﾠ2008	 ﾠ
by	 ﾠall	 ﾠmathematicians	 ﾠaffiliated	 ﾠwith	 ﾠthe	 ﾠinstitution.	 ﾠ  34 
estimated	 ﾠcoefficients	 ﾠare	 ﾠreported	 ﾠin	 ﾠthe	 ﾠlast	 ﾠtwo	 ﾠcolumns	 ﾠof	 ﾠTable	 ﾠIV.38	 ﾠThere	 ﾠis	 ﾠan	 ﾠ
important	 ﾠdifference	 ﾠin	 ﾠthe	 ﾠimpact	 ﾠbetween	 ﾠthe	 ﾠAmericans	 ﾠwho	 ﾠcoauthored	 ﾠwith	 ﾠthe	 ﾠ
émigrés	 ﾠand	 ﾠthose	 ﾠwho	 ﾠdid	 ﾠnot.	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠevidence	 ﾠclearly	 ﾠshows	 ﾠthat	 ﾠcoauthoring	 ﾠ
with	 ﾠa	 ﾠSoviet	 ﾠémigré	 ﾠentirely	 ﾠattenuates	 ﾠthe	 ﾠnegative	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠon	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠhome	 ﾠruns	 ﾠwritten	 ﾠby	 ﾠhighly	 ﾠexposed	 ﾠAmerican	 ﾠmathematicians.	 ﾠNevertheless,	 ﾠ
there	 ﾠis	 ﾠno	 ﾠevidence	 ﾠof	 ﾠany	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠhit	 ﾠby	 ﾠAmerican	 ﾠ
mathematicians	 ﾠeven	 ﾠwithin	 ﾠthe	 ﾠsmall	 ﾠsubset	 ﾠof	 ﾠhighly	 ﾠexposed	 ﾠcoauthors.	 ﾠ
	 ﾠ It	 ﾠis	 ﾠequally	 ﾠimportant	 ﾠto	 ﾠmeasure	 ﾠthe	 ﾠproductivity	 ﾠimpact	 ﾠat	 ﾠthe	 ﾠother	 ﾠend	 ﾠof	 ﾠthe	 ﾠ
quality	 ﾠdistribution,	 ﾠand	 ﾠexamine	 ﾠwhat	 ﾠhappened	 ﾠto	 ﾠthe	 ﾠ“marginally	 ﾠactive”	 ﾠAmerican	 ﾠ
mathematician.	 ﾠIn	 ﾠparticular,	 ﾠwe	 ﾠexamine	 ﾠthe	 ﾠprobability	 ﾠthat	 ﾠan	 ﾠAmerican	 ﾠmathematician	 ﾠ
remains	 ﾠactive	 ﾠ(i.e.,	 ﾠpublishing)	 ﾠin	 ﾠthe	 ﾠprofession	 ﾠafter	 ﾠ1992.	 ﾠWe	 ﾠconstructed	 ﾠa	 ﾠvariable	 ﾠ
indicating	 ﾠif	 ﾠthe	 ﾠmathematician	 ﾠhas	 ﾠ“retired”	 ﾠby	 ﾠsetting	 ﾠit	 ﾠequal	 ﾠto	 ﾠzero	 ﾠin	 ﾠevery	 ﾠyear	 ﾠprior	 ﾠ
to	 ﾠthe	 ﾠlast	 ﾠyear	 ﾠin	 ﾠwhich	 ﾠwe	 ﾠobserve	 ﾠa	 ﾠpublication	 ﾠfor	 ﾠmathematician	 ﾠi.	 ﾠWe	 ﾠthen	 ﾠomit	 ﾠall	 ﾠ
post-ﾭ‐retirement	 ﾠobservations	 ﾠfor	 ﾠthe	 ﾠparticular	 ﾠmathematician	 ﾠ(in	 ﾠother	 ﾠwords,	 ﾠwe	 ﾠexclude	 ﾠ
the	 ﾠyears	 ﾠafter	 ﾠthe	 ﾠpublication	 ﾠof	 ﾠa	 ﾠmathematician’s	 ﾠlast	 ﾠarticle).	 ﾠWe	 ﾠused	 ﾠthis	 ﾠform	 ﾠof	 ﾠ
survival	 ﾠdata	 ﾠto	 ﾠestimate	 ﾠCox	 ﾠproportional	 ﾠmodels	 ﾠwhere	 ﾠthe	 ﾠdependent	 ﾠvariable	 ﾠis	 ﾠthe	 ﾠ
instantaneous	 ﾠprobability	 ﾠof	 ﾠretirement:	 ﾠ
	 ﾠ
(6)	 ﾠ 	 ﾠ log	 ﾠλi(Zi,	 ﾠτ)	 ﾠ=	 ﾠlog	 ﾠλ0(τ)	 ﾠ+	 ﾠZi	 ﾠβ	 ﾠ+	 ﾠε,	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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 ﾠAlthough	 ﾠthe	 ﾠcoauthorship	 ﾠevidence	 ﾠreported	 ﾠin	 ﾠTable	 ﾠIV	 ﾠuses	 ﾠthe	 ﾠ95th	 ﾠpercentile	 ﾠthreshold	 ﾠto	 ﾠdefine	 ﾠa	 ﾠ
home	 ﾠrun,	 ﾠthe	 ﾠqualitative	 ﾠresults	 ﾠare	 ﾠsimilar	 ﾠfor	 ﾠthe	 ﾠother	 ﾠthresholds.	 ﾠNote	 ﾠthat	 ﾠcoauthorship	 ﾠstatus	 ﾠis	 ﾠnot	 ﾠ
randomly	 ﾠassigned	 ﾠacross	 ﾠmathematicians,	 ﾠso	 ﾠthat	 ﾠthe	 ﾠcoefficients,	 ﾠthough	 ﾠsuggestive,	 ﾠdo	 ﾠnot	 ﾠnecessarily	 ﾠ
prove	 ﾠa	 ﾠcausal	 ﾠrelationship.	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where	 ﾠλi(Zi,	 ﾠτ)	 ﾠis	 ﾠthe	 ﾠhazard	 ﾠfor	 ﾠindividual	 ﾠi	 ﾠwith	 ﾠcovariates	 ﾠZi	 ﾠat	 ﾠexperience	 ﾠτ;	 ﾠand	 ﾠλ0(τ)	 ﾠis	 ﾠ
the	 ﾠbaseline	 ﾠhazard	 ﾠfor	 ﾠworkers	 ﾠat	 ﾠthat	 ﾠlevel	 ﾠof	 ﾠexperience.	 ﾠThe	 ﾠcovariates	 ﾠin	 ﾠthe	 ﾠvector	 ﾠZ	 ﾠ
include	 ﾠthe	 ﾠmathematician’s	 ﾠoverlap	 ﾠindex,	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠindicator	 ﾠvariable,	 ﾠand	 ﾠthe	 ﾠ
interaction	 ﾠbetween	 ﾠthese	 ﾠtwo	 ﾠvariables.	 ﾠThe	 ﾠtop	 ﾠrow	 ﾠof	 ﾠTable	 ﾠV	 ﾠreports	 ﾠthe	 ﾠcoefficient	 ﾠof	 ﾠ
this	 ﾠinteraction	 ﾠvariable	 ﾠestimated	 ﾠseparately	 ﾠfor	 ﾠthe	 ﾠthree	 ﾠalternative	 ﾠmeasures	 ﾠof	 ﾠthe	 ﾠ
overlap	 ﾠindex.	 ﾠ
The	 ﾠoverlap	 ﾠindex	 ﾠhas	 ﾠa	 ﾠpositive	 ﾠand	 ﾠsignificant	 ﾠimpact	 ﾠon	 ﾠthe	 ﾠinstantaneous	 ﾠ
retirement	 ﾠprobability	 ﾠafter	 ﾠ1992,	 ﾠand	 ﾠthe	 ﾠimplied	 ﾠnumerical	 ﾠeffect	 ﾠis	 ﾠlarge.	 ﾠConsider,	 ﾠfor	 ﾠ
example,	 ﾠthe	 ﾠcoefficient	 ﾠestimated	 ﾠwhen	 ﾠwe	 ﾠuse	 ﾠthe	 ﾠcorrelation	 ﾠcoefficient.	 ﾠThe	 ﾠregressions	 ﾠ
imply	 ﾠthat	 ﾠa	 ﾠmathematician	 ﾠwhose	 ﾠprior	 ﾠresearch	 ﾠwas	 ﾠperfectly	 ﾠcorrelated	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠ
Soviets	 ﾠhad	 ﾠroughly	 ﾠa	 ﾠ50	 ﾠpercent	 ﾠ(given	 ﾠby	 ﾠe+0.41)	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠinstantaneous	 ﾠprobability	 ﾠ
of	 ﾠretirement	 ﾠrelative	 ﾠto	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠa	 ﾠmathematician	 ﾠwhose	 ﾠwork	 ﾠwas	 ﾠuncorrelated	 ﾠ
with	 ﾠthe	 ﾠSoviet	 ﾠresearch	 ﾠprogram.	 ﾠIt	 ﾠis	 ﾠeasier	 ﾠto	 ﾠget	 ﾠa	 ﾠsense	 ﾠof	 ﾠthe	 ﾠquantitative	 ﾠeffect	 ﾠby	 ﾠ
examining	 ﾠthe	 ﾠsurvival	 ﾠfunctions	 ﾠimplied	 ﾠby	 ﾠthe	 ﾠestimated	 ﾠCox	 ﾠproportional	 ﾠhazards.	 ﾠ
Figures	 ﾠVIIIa	 ﾠand	 ﾠVIIIb	 ﾠillustrate	 ﾠthe	 ﾠsurvival	 ﾠfunctions	 ﾠfor	 ﾠhigh-ﾭ‐	 ﾠand	 ﾠlow-ﾭ‐exposure	 ﾠ
mathematicians,	 ﾠboth	 ﾠbefore	 ﾠand	 ﾠafter	 ﾠ1992.39	 ﾠThe	 ﾠprobability	 ﾠof	 ﾠsurvival	 ﾠdeclined	 ﾠ
precipitously	 ﾠfor	 ﾠhigh-ﾭ‐exposure	 ﾠmathematicians	 ﾠafter	 ﾠ1992	 ﾠ(both	 ﾠrelatively	 ﾠand	 ﾠ
absolutely).	 ﾠ
The	 ﾠshape	 ﾠof	 ﾠthe	 ﾠsurvival	 ﾠfunctions,	 ﾠin	 ﾠfact,	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠeffect	 ﾠseems	 ﾠlargest	 ﾠfor	 ﾠ
mathematicians	 ﾠat	 ﾠearly	 ﾠpoints	 ﾠin	 ﾠtheir	 ﾠcareer.	 ﾠWe	 ﾠre-ﾭ‐estimated	 ﾠthe	 ﾠhazard	 ﾠregressions	 ﾠ
separately	 ﾠon	 ﾠmathematicians	 ﾠclassified	 ﾠby	 ﾠyears	 ﾠof	 ﾠexperience.	 ﾠThe	 ﾠremaining	 ﾠrows	 ﾠof	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
39	 ﾠThe	 ﾠlow-ﾭ‐	 ﾠand	 ﾠhigh-ﾭ‐exposure	 ﾠgroups	 ﾠare	 ﾠdefined	 ﾠby	 ﾠthe	 ﾠbottom	 ﾠand	 ﾠtop	 ﾠquartiles	 ﾠof	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠ
index	 ﾠof	 ﾠsimilarity.	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Table	 ﾠV	 ﾠshow	 ﾠthat	 ﾠthe	 ﾠadverse	 ﾠimpact	 ﾠof	 ﾠan	 ﾠoverlapping	 ﾠresearch	 ﾠagenda	 ﾠwith	 ﾠthe	 ﾠSoviets	 ﾠis	 ﾠ
far	 ﾠlarger	 ﾠin	 ﾠthe	 ﾠsample	 ﾠof	 ﾠyounger	 ﾠ(and	 ﾠlikely	 ﾠuntenured)	 ﾠmathematicians.	 ﾠIn	 ﾠother	 ﾠwords,	 ﾠ
the	 ﾠSoviet	 ﾠsupply	 ﾠshock	 ﾠhad	 ﾠa	 ﾠparticularly	 ﾠdetrimental	 ﾠeffect	 ﾠon	 ﾠthe	 ﾠlong-ﾭ‐run	 ﾠcareer	 ﾠ
prospects	 ﾠof	 ﾠyoung	 ﾠ(and	 ﾠuntenured)	 ﾠmathematicians,	 ﾠgreatly	 ﾠincreasing	 ﾠtheir	 ﾠprobability	 ﾠof	 ﾠ
retiring	 ﾠfrom	 ﾠthe	 ﾠproduction	 ﾠof	 ﾠmathematical	 ﾠoutput.40	 ﾠ
Although	 ﾠsome	 ﾠAmerican	 ﾠmathematicians	 ﾠstopped	 ﾠpublishing	 ﾠaltogether	 ﾠafter	 ﾠthe	 ﾠ
collapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠother	 ﾠmathematicians	 ﾠremained	 ﾠactive	 ﾠbut	 ﾠwere	 ﾠ“encouraged”	 ﾠ
to	 ﾠmove	 ﾠto	 ﾠdifferent	 ﾠinstitutions.	 ﾠWe	 ﾠcreate	 ﾠa	 ﾠvariable	 ﾠfor	 ﾠeach	 ﾠmathematician	 ﾠindicating	 ﾠif	 ﾠ
the	 ﾠmodal	 ﾠinstitution	 ﾠin	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠperiod	 ﾠ(after	 ﾠthe	 ﾠSoviet	 ﾠinflux)	 ﾠwas	 ﾠdifferent	 ﾠfrom	 ﾠ
the	 ﾠlast	 ﾠinstitutional	 ﾠaffiliation	 ﾠobserved	 ﾠprior	 ﾠto	 ﾠ1990.41	 ﾠBy	 ﾠconstruction,	 ﾠour	 ﾠsample	 ﾠ
consists	 ﾠof	 ﾠmathematicians	 ﾠwhose	 ﾠlast	 ﾠreported	 ﾠaffiliation	 ﾠprior	 ﾠto	 ﾠ1990	 ﾠand	 ﾠwhose	 ﾠmodal	 ﾠ
affiliation	 ﾠpost-ﾭ‐1992	 ﾠwere	 ﾠlocated	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠWe	 ﾠthen	 ﾠestimated	 ﾠlinear	 ﾠ
probability	 ﾠmodels	 ﾠthat	 ﾠexamine	 ﾠthe	 ﾠseparation	 ﾠprobability	 ﾠof	 ﾠa	 ﾠmathematician,	 ﾠincluding	 ﾠ
controls	 ﾠfor	 ﾠdifferences	 ﾠin	 ﾠindividual	 ﾠand	 ﾠinstitutional	 ﾠquality.	 ﾠIn	 ﾠparticular,	 ﾠwe	 ﾠhold	 ﾠ
constant	 ﾠthe	 ﾠlog	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠthe	 ﾠmathematician	 ﾠpublished	 ﾠprior	 ﾠto	 ﾠ1990,	 ﾠthe	 ﾠlog	 ﾠ
number	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠmathematicians	 ﾠaffiliated	 ﾠwith	 ﾠthe	 ﾠpre-ﾭ‐1990	 ﾠinstitution,	 ﾠ
and	 ﾠthe	 ﾠmathematician’s	 ﾠyears	 ﾠof	 ﾠwork	 ﾠexperience.	 ﾠ
The	 ﾠregression	 ﾠmodel	 ﾠuses	 ﾠtwo	 ﾠvariables	 ﾠto	 ﾠcapture	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux.	 ﾠ
The	 ﾠfirst	 ﾠis	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠthat	 ﾠdescribes	 ﾠthe	 ﾠpre-ﾭ‐1990	 ﾠoverlap	 ﾠin	 ﾠresearch	 ﾠinterests	 ﾠ
between	 ﾠthe	 ﾠparticular	 ﾠAmerican	 ﾠmathematician	 ﾠand	 ﾠthe	 ﾠSoviet	 ﾠresearch	 ﾠprogram.	 ﾠThe	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
40	 ﾠThe	 ﾠregression	 ﾠobviously	 ﾠcannot	 ﾠdistinguish	 ﾠbetween	 ﾠthe	 ﾠpossibility	 ﾠthat	 ﾠthe	 ﾠmathematician	 ﾠstopped	 ﾠ
writing	 ﾠpublishable	 ﾠarticles	 ﾠor	 ﾠwas	 ﾠsimply	 ﾠunable	 ﾠto	 ﾠfind	 ﾠan	 ﾠoutlet	 ﾠfor	 ﾠhis	 ﾠresearch	 ﾠin	 ﾠthe	 ﾠface	 ﾠof	 ﾠincreasing	 ﾠ
competition	 ﾠby	 ﾠthe	 ﾠhighly	 ﾠproductive	 ﾠSoviet	 ﾠmathematicians.	 ﾠ
41	 ﾠThe	 ﾠconstruction	 ﾠof	 ﾠthe	 ﾠsample	 ﾠrequires	 ﾠthat	 ﾠthe	 ﾠmathematician	 ﾠpublished	 ﾠboth	 ﾠbefore	 ﾠand	 ﾠafter	 ﾠ1992,	 ﾠand	 ﾠ
that	 ﾠthere	 ﾠis	 ﾠa	 ﾠvalid	 ﾠaffiliation	 ﾠcode	 ﾠin	 ﾠboth	 ﾠperiods.	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second	 ﾠis	 ﾠa	 ﾠdummy	 ﾠvariable	 ﾠindicating	 ﾠif	 ﾠthe	 ﾠinstitution	 ﾠemploying	 ﾠthe	 ﾠmathematician	 ﾠjust	 ﾠ
before	 ﾠthe	 ﾠshock	 ﾠwas,	 ﾠin	 ﾠfact,	 ﾠsubsequently	 ﾠ“exposed”	 ﾠto	 ﾠSoviet	 ﾠémigrés	 ﾠ(i.e.,	 ﾠif	 ﾠthe	 ﾠ
institution	 ﾠhired	 ﾠa	 ﾠSoviet	 ﾠémigré	 ﾠat	 ﾠsome	 ﾠpoint	 ﾠafter	 ﾠ1992).	 ﾠ
	 ﾠ The	 ﾠtop	 ﾠpanel	 ﾠof	 ﾠTable	 ﾠVI	 ﾠreports	 ﾠthe	 ﾠregression	 ﾠcoefficients.42	 ﾠThe	 ﾠseparation	 ﾠrate	 ﾠis	 ﾠ
strongly	 ﾠrelated	 ﾠto	 ﾠboth	 ﾠgeographic	 ﾠand	 ﾠintellectual	 ﾠproximity.	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠseparation	 ﾠ
rate	 ﾠrises	 ﾠby	 ﾠabout	 ﾠ5	 ﾠpercentage	 ﾠpoints	 ﾠif	 ﾠthe	 ﾠmathematician’s	 ﾠlast	 ﾠaffiliation	 ﾠbefore	 ﾠ1990	 ﾠ
ended	 ﾠup	 ﾠhiring	 ﾠa	 ﾠSoviet	 ﾠémigré.43	 ﾠSimilarly,	 ﾠregardless	 ﾠof	 ﾠhow	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠis	 ﾠ
measured,	 ﾠthere	 ﾠis	 ﾠa	 ﾠstrong	 ﾠpositive	 ﾠcorrelation	 ﾠbetween	 ﾠthe	 ﾠindex	 ﾠand	 ﾠthe	 ﾠseparation	 ﾠrate.	 ﾠ
An	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠcorrelation	 ﾠcoefficient	 ﾠfrom	 ﾠzero	 ﾠto	 ﾠone	 ﾠincreases	 ﾠthe	 ﾠseparation	 ﾠrate	 ﾠby	 ﾠ
17	 ﾠpercentage	 ﾠpoints.44	 ﾠPut	 ﾠdifferently,	 ﾠholding	 ﾠgeographic	 ﾠexposure	 ﾠconstant,	 ﾠthe	 ﾠ
American	 ﾠmathematicians	 ﾠwith	 ﾠthe	 ﾠmost	 ﾠSoviet-ﾭ‐like	 ﾠresearch	 ﾠagendas	 ﾠsuddenly	 ﾠfound	 ﾠ
themselves	 ﾠin	 ﾠvolatile	 ﾠjobs	 ﾠand	 ﾠended	 ﾠup	 ﾠmoving	 ﾠto	 ﾠother	 ﾠinstitutions	 ﾠat	 ﾠdramatically	 ﾠ
higher	 ﾠrates.	 ﾠ
The	 ﾠbottom	 ﾠtwo	 ﾠpanels	 ﾠof	 ﾠthe	 ﾠtable	 ﾠreplicate	 ﾠthe	 ﾠmobility	 ﾠanalysis	 ﾠfor	 ﾠthe	 ﾠsamples	 ﾠof	 ﾠ
“untenured”	 ﾠand	 ﾠ“tenured”	 ﾠmathematicians.	 ﾠNotably,	 ﾠthe	 ﾠseparation	 ﾠrate	 ﾠof	 ﾠyounger	 ﾠfaculty	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
42	 ﾠAlthough	 ﾠwe	 ﾠdo	 ﾠnot	 ﾠreport	 ﾠthe	 ﾠcoefficients	 ﾠof	 ﾠthe	 ﾠother	 ﾠvariables	 ﾠin	 ﾠthe	 ﾠregression,	 ﾠthey	 ﾠmirror	 ﾠfindings	 ﾠin	 ﾠ
the	 ﾠlabor	 ﾠeconomics	 ﾠliterature.	 ﾠThe	 ﾠhigher	 ﾠthe	 ﾠquality	 ﾠof	 ﾠthe	 ﾠmathematician	 ﾠ(as	 ﾠmeasured	 ﾠby	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
pre-ﾭ‐1990	 ﾠpublications),	 ﾠthe	 ﾠlower	 ﾠthe	 ﾠseparation	 ﾠrate.	 ﾠThis	 ﾠfinding	 ﾠis	 ﾠanalogous	 ﾠto	 ﾠthe	 ﾠnegative	 ﾠcorrelation	 ﾠ
between	 ﾠthe	 ﾠprobability	 ﾠof	 ﾠjob	 ﾠseparation	 ﾠand	 ﾠa	 ﾠworker’s	 ﾠwage.	 ﾠIn	 ﾠaddition,	 ﾠthe	 ﾠseparation	 ﾠrate	 ﾠis	 ﾠlower	 ﾠfor	 ﾠ
older	 ﾠmathematicians	 ﾠand	 ﾠhigher	 ﾠfor	 ﾠmathematicians	 ﾠinitially	 ﾠemployed	 ﾠby	 ﾠhigh-ﾭ‐quality	 ﾠinstitutions.	 ﾠ
43	 ﾠThere	 ﾠmay	 ﾠbe	 ﾠreverse	 ﾠcausality	 ﾠin	 ﾠthe	 ﾠcorrelation	 ﾠbetween	 ﾠthe	 ﾠseparation	 ﾠrate	 ﾠand	 ﾠwhether	 ﾠthe	 ﾠinstitution	 ﾠ
eventually	 ﾠhired	 ﾠa	 ﾠSoviet	 ﾠémigré.	 ﾠPerhaps	 ﾠthe	 ﾠinstitution	 ﾠonly	 ﾠhired	 ﾠémigrés	 ﾠafter	 ﾠan	 ﾠAmerican	 ﾠmathematician	 ﾠ
failed	 ﾠto	 ﾠmake	 ﾠtenure.	 ﾠAlthough	 ﾠthis	 ﾠinterpretation	 ﾠcan	 ﾠexplain	 ﾠthe	 ﾠcorrelation,	 ﾠit	 ﾠis	 ﾠimportant	 ﾠto	 ﾠnote	 ﾠthat	 ﾠthe	 ﾠ
failed	 ﾠassistant	 ﾠprofessors	 ﾠwere	 ﾠyoung	 ﾠand	 ﾠinexperienced,	 ﾠwhile	 ﾠthe	 ﾠSoviet	 ﾠémigrés	 ﾠwere	 ﾠmore	 ﾠsenior	 ﾠand	 ﾠ
many	 ﾠhad	 ﾠalready	 ﾠhad	 ﾠdistinguished	 ﾠcareers.	 ﾠ
44	 ﾠWe	 ﾠalso	 ﾠestimated	 ﾠseparation	 ﾠregressions	 ﾠthat	 ﾠincluded	 ﾠa	 ﾠvector	 ﾠof	 ﾠfixed	 ﾠeffects	 ﾠfor	 ﾠthe	 ﾠpre-ﾭ‐1990	 ﾠ
institution.	 ﾠAlthough	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠgeographic	 ﾠexposure	 ﾠcan	 ﾠno	 ﾠlonger	 ﾠbe	 ﾠidentified,	 ﾠthe	 ﾠcoefficient	 ﾠof	 ﾠthe	 ﾠ
overlap	 ﾠindex	 ﾠremains	 ﾠnegative	 ﾠand	 ﾠsignificant.	 ﾠIn	 ﾠthe	 ﾠregression	 ﾠthat	 ﾠuses	 ﾠthe	 ﾠcorrelation	 ﾠcoefficient,	 ﾠfor	 ﾠ
instance,	 ﾠthe	 ﾠcoefficient	 ﾠis	 ﾠ0.123	 ﾠ(0.025),	 ﾠso	 ﾠthat	 ﾠthe	 ﾠdegree	 ﾠof	 ﾠresearch	 ﾠoverlap	 ﾠwith	 ﾠthe	 ﾠincoming	 ﾠSoviets	 ﾠ
determined	 ﾠwhich	 ﾠmathematician	 ﾠwithin	 ﾠa	 ﾠparticular	 ﾠinstitution	 ﾠwas	 ﾠmost	 ﾠlikely	 ﾠto	 ﾠleave.	 ﾠ	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is	 ﾠmuch	 ﾠmore	 ﾠsensitive	 ﾠto	 ﾠdirect	 ﾠexposure	 ﾠto	 ﾠthe	 ﾠSoviet	 ﾠinflux.	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠprobability	 ﾠ
of	 ﾠmoving	 ﾠincreases	 ﾠby	 ﾠabout	 ﾠ10	 ﾠpercent	 ﾠfor	 ﾠa	 ﾠyoung	 ﾠmathematician	 ﾠwho	 ﾠwas	 ﾠemployed	 ﾠin	 ﾠ
an	 ﾠinstitution	 ﾠthat	 ﾠeventually	 ﾠhired	 ﾠa	 ﾠSoviet	 ﾠémigré,	 ﾠbut	 ﾠis	 ﾠunaffected	 ﾠfor	 ﾠan	 ﾠolder	 ﾠ
mathematician.	 ﾠSimilarly,	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠis	 ﾠat	 ﾠleast	 ﾠtwice	 ﾠas	 ﾠlarge	 ﾠin	 ﾠthe	 ﾠ
untenured	 ﾠsample,	 ﾠregardless	 ﾠof	 ﾠhow	 ﾠthe	 ﾠindex	 ﾠis	 ﾠmeasured.	 ﾠ
	 ﾠ The	 ﾠmobility	 ﾠregressions	 ﾠraise	 ﾠa	 ﾠnumber	 ﾠof	 ﾠinteresting	 ﾠquestions.	 ﾠMost	 ﾠimportant:	 ﾠ
Where	 ﾠdid	 ﾠthe	 ﾠdisplaced	 ﾠmathematicians	 ﾠgo?	 ﾠWe	 ﾠcalculated	 ﾠa	 ﾠmeasure	 ﾠof	 ﾠchange	 ﾠin	 ﾠ
institutional	 ﾠquality	 ﾠby	 ﾠadding	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠall	 ﾠmathematicians	 ﾠ
affiliated	 ﾠwith	 ﾠa	 ﾠparticular	 ﾠinstitution	 ﾠthroughout	 ﾠthe	 ﾠentire	 ﾠ1984-ﾭ‐2008	 ﾠperiod.	 ﾠSince	 ﾠwe	 ﾠ
can	 ﾠidentify	 ﾠthe	 ﾠlast	 ﾠinstitution	 ﾠemploying	 ﾠthe	 ﾠmathematician	 ﾠprior	 ﾠto	 ﾠthe	 ﾠsupply	 ﾠshock	 ﾠas	 ﾠ
well	 ﾠas	 ﾠthe	 ﾠmodal	 ﾠinstitution	 ﾠemploying	 ﾠhim	 ﾠafter	 ﾠthe	 ﾠinflux,	 ﾠwe	 ﾠcan	 ﾠconstruct	 ﾠa	 ﾠmeasure	 ﾠof	 ﾠ
the	 ﾠchange	 ﾠin	 ﾠinstitutional	 ﾠquality	 ﾠfor	 ﾠmovers.	 ﾠLet	 ﾠN0	 ﾠbe	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠ
the	 ﾠinstitution	 ﾠemploying	 ﾠthe	 ﾠmathematician	 ﾠbefore	 ﾠ1990,	 ﾠand	 ﾠN1	 ﾠbe	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ
published	 ﾠby	 ﾠthe	 ﾠinstitution	 ﾠemploying	 ﾠhim	 ﾠafter	 ﾠthe	 ﾠinflux.	 ﾠOur	 ﾠmeasure	 ﾠof	 ﾠthe	 ﾠchange	 ﾠin	 ﾠ
institutional	 ﾠquality	 ﾠis	 ﾠdefined	 ﾠby	 ﾠlog(N1/N0).	 ﾠ
	 ﾠ Table	 ﾠ6	 ﾠshows	 ﾠthat	 ﾠthis	 ﾠchange	 ﾠin	 ﾠinstitutional	 ﾠquality	 ﾠis	 ﾠrelated	 ﾠto	 ﾠboth	 ﾠgeographic	 ﾠ
and	 ﾠintellectual	 ﾠproximity,	 ﾠwith	 ﾠboth	 ﾠvariables	 ﾠhaving	 ﾠstrong	 ﾠnegative	 ﾠeffects.	 ﾠThe	 ﾠimpact	 ﾠof	 ﾠ
geographic	 ﾠproximity	 ﾠis	 ﾠparticularly	 ﾠlarge.	 ﾠConditional	 ﾠon	 ﾠmoving,	 ﾠan	 ﾠAmerican	 ﾠ
mathematician	 ﾠinitially	 ﾠemployed	 ﾠby	 ﾠone	 ﾠof	 ﾠthe	 ﾠinstitutions	 ﾠthat	 ﾠended	 ﾠup	 ﾠhiring	 ﾠSoviet	 ﾠ
émigrés	 ﾠmoved	 ﾠto	 ﾠan	 ﾠinstitution	 ﾠthat	 ﾠhad	 ﾠpublished	 ﾠ91	 ﾠpercent	 ﾠfewer	 ﾠpapers	 ﾠduring	 ﾠthe	 ﾠ
period.45	 ﾠ
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45	 ﾠAlthough	 ﾠthe	 ﾠnumerical	 ﾠmagnitude	 ﾠof	 ﾠthis	 ﾠeffect	 ﾠseems	 ﾠimplausible,	 ﾠit	 ﾠis	 ﾠconsistent	 ﾠwith	 ﾠthe	 ﾠraw	 ﾠdata.	 ﾠThe	 ﾠ
total	 ﾠmathematical	 ﾠoutput	 ﾠproduced	 ﾠby	 ﾠinstitutions	 ﾠfalls	 ﾠprecipitously	 ﾠonce	 ﾠwe	 ﾠmove	 ﾠfrom	 ﾠthe	 ﾠtop-ﾭ‐ranked	 ﾠ  39 
Finally,	 ﾠup	 ﾠto	 ﾠthis	 ﾠpoint	 ﾠour	 ﾠanalysis	 ﾠhas	 ﾠused	 ﾠpapers	 ﾠand	 ﾠcitations	 ﾠto	 ﾠmeasure	 ﾠa	 ﾠ
mathematician’s	 ﾠmarginal	 ﾠproduct.	 ﾠAcademic	 ﾠmathematicians	 ﾠalso	 ﾠproduce	 ﾠstudents,	 ﾠand	 ﾠ
the	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠmay	 ﾠhave	 ﾠhad	 ﾠbeneficial	 ﾠor	 ﾠharmful	 ﾠeffects	 ﾠon	 ﾠthe	 ﾠquality	 ﾠof	 ﾠ
the	 ﾠstudents	 ﾠproduced	 ﾠby	 ﾠAmerican	 ﾠinstitutions.	 ﾠMost	 ﾠobviously,	 ﾠthe	 ﾠhiring	 ﾠof	 ﾠhighly	 ﾠskilled	 ﾠ
Soviet	 ﾠmathematicians	 ﾠshould	 ﾠpresumably	 ﾠlead	 ﾠto	 ﾠhigher	 ﾠquality	 ﾠstudents.	 ﾠAt	 ﾠthe	 ﾠsame	 ﾠ
time,	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠhad	 ﾠan	 ﾠadverse	 ﾠeffect	 ﾠon	 ﾠthe	 ﾠproductivity	 ﾠof	 ﾠmathematicians	 ﾠwho	 ﾠhad	 ﾠ
previously	 ﾠdone	 ﾠSoviet-ﾭ‐style	 ﾠresearch,	 ﾠand	 ﾠthis	 ﾠadverse	 ﾠimpact	 ﾠcould	 ﾠbe	 ﾠtransmitted	 ﾠ
“intergenerationally”	 ﾠto	 ﾠtheir	 ﾠstudents.46	 ﾠ	 ﾠ
	 ﾠ Despite	 ﾠthe	 ﾠendogenous	 ﾠsorting	 ﾠof	 ﾠadvisors	 ﾠand	 ﾠstudents,	 ﾠit	 ﾠis	 ﾠof	 ﾠinterest	 ﾠto	 ﾠexamine	 ﾠ
how	 ﾠthe	 ﾠquality	 ﾠof	 ﾠthe	 ﾠstudents	 ﾠwas	 ﾠaffected	 ﾠby	 ﾠthe	 ﾠ“Soviet-ﾭ‐ness”	 ﾠof	 ﾠthe	 ﾠadvisor:	 ﾠeither	 ﾠ
because	 ﾠthe	 ﾠadvisor	 ﾠwas	 ﾠhimself	 ﾠa	 ﾠSoviet	 ﾠémigré	 ﾠor	 ﾠbecause	 ﾠthe	 ﾠadvisor	 ﾠwas	 ﾠan	 ﾠAmerican	 ﾠ
doing	 ﾠSoviet-ﾭ‐style	 ﾠresearch.47	 ﾠAs	 ﾠnoted	 ﾠabove,	 ﾠthe	 ﾠMGP	 ﾠdata	 ﾠlinks	 ﾠeach	 ﾠnew	 ﾠmathematician	 ﾠ
to	 ﾠhis	 ﾠor	 ﾠher	 ﾠadvisor.	 ﾠThe	 ﾠAMS/ISI	 ﾠdata	 ﾠfurther	 ﾠallows	 ﾠus	 ﾠto	 ﾠcalculate	 ﾠthe	 ﾠaverage	 ﾠannual	 ﾠ
number	 ﾠof	 ﾠpapers	 ﾠand	 ﾠcitations	 ﾠproduced	 ﾠby	 ﾠeach	 ﾠstudent	 ﾠbetween	 ﾠthe	 ﾠyear	 ﾠthe	 ﾠdegree	 ﾠwas	 ﾠ
awarded	 ﾠand	 ﾠ2011.	 ﾠ
	 ﾠ The	 ﾠdata	 ﾠconsists	 ﾠof	 ﾠa	 ﾠsingle	 ﾠobservation	 ﾠfor	 ﾠeach	 ﾠstudent	 ﾠobtaining	 ﾠthe	 ﾠdoctoral	 ﾠ
degree	 ﾠfrom	 ﾠan	 ﾠAmerican	 ﾠinstitution	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ2008,	 ﾠand	 ﾠwho	 ﾠhad	 ﾠeither	 ﾠa	 ﾠSoviet	 ﾠ
or	 ﾠa	 ﾠpredominantly	 ﾠAmerican	 ﾠadvisor.	 ﾠWe	 ﾠestimated	 ﾠa	 ﾠregression	 ﾠmodel	 ﾠlinking	 ﾠthe	 ﾠ
student’s	 ﾠ(future)	 ﾠannual	 ﾠproductivity	 ﾠto	 ﾠvariables	 ﾠcharacterizing	 ﾠthe	 ﾠSoviet-ﾭ‐ness	 ﾠof	 ﾠthe	 ﾠ
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institutions	 ﾠto	 ﾠeven	 ﾠthose	 ﾠranked	 ﾠ200th	 ﾠin	 ﾠour	 ﾠindex	 ﾠof	 ﾠquality.	 ﾠMathematicians	 ﾠaffiliated	 ﾠwith	 ﾠthe	 ﾠtop	 ﾠ
institutions	 ﾠ(e.g.,	 ﾠMIT	 ﾠor	 ﾠthe	 ﾠUniversity	 ﾠof	 ﾠCalifornia,	 ﾠBerkeley)	 ﾠpublished	 ﾠover	 ﾠ8,000	 ﾠpapers	 ﾠduring	 ﾠthe	 ﾠ
period.	 ﾠMathematicians	 ﾠassociated	 ﾠwith	 ﾠinstitutions	 ﾠaround	 ﾠthe	 ﾠ200th	 ﾠrank	 ﾠpublished	 ﾠonly	 ﾠaround	 ﾠ350	 ﾠpapers.	 ﾠ
46	 ﾠOne	 ﾠcould	 ﾠalso	 ﾠargue	 ﾠthat	 ﾠthe	 ﾠmost	 ﾠaffected	 ﾠAmerican	 ﾠmathematicians	 ﾠ(whose	 ﾠpublishable	 ﾠproduct	 ﾠ
declined	 ﾠafter	 ﾠ1992)	 ﾠhad	 ﾠmore	 ﾠtime	 ﾠfor	 ﾠstudent	 ﾠadvising	 ﾠand	 ﾠcould	 ﾠperhaps	 ﾠproduce	 ﾠhigher	 ﾠquality	 ﾠstudents.	 ﾠ
47	 ﾠThe	 ﾠsorting	 ﾠof	 ﾠadvisors	 ﾠand	 ﾠstudents	 ﾠis	 ﾠnot	 ﾠrandom.	 ﾠGreat	 ﾠmathematicians	 ﾠwill	 ﾠlikely	 ﾠattract	 ﾠgreat	 ﾠstudents,	 ﾠ
and/or	 ﾠgreat	 ﾠmathematicians	 ﾠcan	 ﾠbe	 ﾠmore	 ﾠselective	 ﾠin	 ﾠchoosing	 ﾠstudents	 ﾠfrom	 ﾠthe	 ﾠpool	 ﾠof	 ﾠpotential	 ﾠadvisees.	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advisor:	 ﾠa	 ﾠdummy	 ﾠvariable	 ﾠindicating	 ﾠif	 ﾠthe	 ﾠadvisor	 ﾠis	 ﾠa	 ﾠSoviet	 ﾠémigré,	 ﾠthe	 ﾠvalue	 ﾠof	 ﾠthe	 ﾠ
overlap	 ﾠindex	 ﾠif	 ﾠthe	 ﾠadvisor	 ﾠis	 ﾠa	 ﾠpredominantly	 ﾠAmerican	 ﾠmathematician,	 ﾠand	 ﾠan	 ﾠ
interaction	 ﾠbetween	 ﾠthe	 ﾠadvisor’s	 ﾠoverlap	 ﾠindex	 ﾠand	 ﾠa	 ﾠdummy	 ﾠvariable	 ﾠindicating	 ﾠif	 ﾠthe	 ﾠ
student	 ﾠreceived	 ﾠthe	 ﾠdoctoral	 ﾠdegree	 ﾠafter	 ﾠ1992.48	 ﾠThis	 ﾠinteraction	 ﾠvariable	 ﾠcaptures	 ﾠthe	 ﾠ
differential	 ﾠimpact	 ﾠon	 ﾠstudent	 ﾠproductivity	 ﾠof	 ﾠhaving	 ﾠan	 ﾠAmerican	 ﾠadvisor	 ﾠwho	 ﾠwas	 ﾠmost	 ﾠ
affected	 ﾠby	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠSoviet	 ﾠinflux.	 ﾠ
Column	 ﾠ1	 ﾠof	 ﾠTable	 ﾠVII	 ﾠreports	 ﾠthe	 ﾠcoefficients	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠémigré	 ﾠindicator	 ﾠand	 ﾠthe	 ﾠ
overlap	 ﾠinteraction	 ﾠwhen	 ﾠwe	 ﾠuse	 ﾠthe	 ﾠstudent’s	 ﾠannual	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠand	 ﾠISI	 ﾠcitations	 ﾠas	 ﾠ
the	 ﾠdependent	 ﾠvariables.	 ﾠThe	 ﾠresults	 ﾠare	 ﾠstriking.	 ﾠThe	 ﾠpresence	 ﾠof	 ﾠa	 ﾠSoviet	 ﾠadvisor	 ﾠhas	 ﾠa	 ﾠ
strong	 ﾠpositive	 ﾠeffect	 ﾠon	 ﾠboth	 ﾠpapers	 ﾠand	 ﾠcitations,	 ﾠleading	 ﾠto	 ﾠabout	 ﾠ0.2	 ﾠto	 ﾠ0.3	 ﾠmore	 ﾠpapers	 ﾠ
and	 ﾠ0.5	 ﾠto	 ﾠ1.0	 ﾠmore	 ﾠcitations	 ﾠper	 ﾠyear	 ﾠ(depending	 ﾠon	 ﾠthe	 ﾠmeasure	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindex).	 ﾠ
	 ﾠ At	 ﾠthe	 ﾠsame	 ﾠtime,	 ﾠhowever,	 ﾠthe	 ﾠSoviet-ﾭ‐ness	 ﾠof	 ﾠthe	 ﾠstudent’s	 ﾠAmerican	 ﾠadvisor	 ﾠhas	 ﾠa	 ﾠ
mirror-ﾭ‐image	 ﾠnegative	 ﾠimpact	 ﾠon	 ﾠthe	 ﾠstudent’s	 ﾠproductivity.	 ﾠTo	 ﾠeasily	 ﾠinterpret	 ﾠthe	 ﾠ
numerical	 ﾠmagnitude	 ﾠof	 ﾠthis	 ﾠeffect,	 ﾠsuppose	 ﾠagain	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠis	 ﾠmeasured	 ﾠby	 ﾠthe	 ﾠ
correlation	 ﾠcoefficient.	 ﾠThe	 ﾠstudent	 ﾠof	 ﾠan	 ﾠAmerican	 ﾠadvisor	 ﾠwith	 ﾠa	 ﾠcorrelation	 ﾠcoefficient	 ﾠ
equal	 ﾠto	 ﾠ1	 ﾠpublishes	 ﾠ0.4	 ﾠfewer	 ﾠpapers	 ﾠand	 ﾠproduces	 ﾠ7.0	 ﾠfewer	 ﾠcitations	 ﾠper	 ﾠyear	 ﾠthan	 ﾠthe	 ﾠ
student	 ﾠof	 ﾠan	 ﾠAmerican	 ﾠadvisor	 ﾠwith	 ﾠa	 ﾠcorrelation	 ﾠcoefficient	 ﾠof	 ﾠzero.	 ﾠ
The	 ﾠconstruction	 ﾠof	 ﾠthe	 ﾠdata	 ﾠallows	 ﾠus	 ﾠto	 ﾠintroduce	 ﾠboth	 ﾠinstitution	 ﾠand	 ﾠadvisor	 ﾠ
fixed	 ﾠeffects,	 ﾠso	 ﾠthat	 ﾠwe	 ﾠcan	 ﾠmeasure	 ﾠproductivity	 ﾠeffects	 ﾠthat	 ﾠnet	 ﾠout	 ﾠthe	 ﾠinfluence	 ﾠof	 ﾠ
institution	 ﾠand	 ﾠadvisor	 ﾠquality.	 ﾠThe	 ﾠremaining	 ﾠcolumns	 ﾠof	 ﾠthe	 ﾠtable	 ﾠintroduce	 ﾠthese	 ﾠfixed	 ﾠ
effects.	 ﾠThe	 ﾠimpact	 ﾠof	 ﾠhaving	 ﾠa	 ﾠSoviet	 ﾠadvisor	 ﾠremains	 ﾠstrong	 ﾠeven	 ﾠafter	 ﾠwe	 ﾠinclude	 ﾠ
institution	 ﾠfixed	 ﾠeffects	 ﾠin	 ﾠthe	 ﾠregression.	 ﾠOf	 ﾠcourse,	 ﾠwe	 ﾠcannot	 ﾠestimate	 ﾠthe	 ﾠSoviet	 ﾠadvisor	 ﾠ
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48	 ﾠThe	 ﾠregression	 ﾠalso	 ﾠincludes	 ﾠa	 ﾠset	 ﾠof	 ﾠyear	 ﾠfixed	 ﾠeffects.	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coefficient	 ﾠif	 ﾠthe	 ﾠregression	 ﾠalso	 ﾠincludes	 ﾠadvisor	 ﾠfixed	 ﾠeffects.	 ﾠNevertheless,	 ﾠit	 ﾠis	 ﾠworth	 ﾠ
noting	 ﾠthat	 ﾠthe	 ﾠAmerican	 ﾠadvisor’s	 ﾠoverlap	 ﾠindex	 ﾠoften	 ﾠplays	 ﾠa	 ﾠdifferential	 ﾠrole	 ﾠbefore	 ﾠand	 ﾠ
after	 ﾠ1992	 ﾠeven	 ﾠafter	 ﾠwe	 ﾠinclude	 ﾠadvisor	 ﾠfixed	 ﾠeffects.	 ﾠThe	 ﾠinclusion	 ﾠof	 ﾠthe	 ﾠadvisor	 ﾠfixed	 ﾠ
effect	 ﾠallows	 ﾠus	 ﾠto	 ﾠmeasure	 ﾠhow	 ﾠthe	 ﾠSoviet-ﾭ‐ness	 ﾠof	 ﾠan	 ﾠAmerican	 ﾠadvisor	 ﾠaffected	 ﾠthe	 ﾠ
productivity	 ﾠof	 ﾠthis	 ﾠparticular	 ﾠadvisor’s	 ﾠstudents	 ﾠover	 ﾠtime.	 ﾠThe	 ﾠinteraction	 ﾠcoefficient	 ﾠis	 ﾠ
negative	 ﾠ(and	 ﾠsignificant	 ﾠusing	 ﾠtwo	 ﾠof	 ﾠthe	 ﾠmeasures	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindex).	 ﾠIn	 ﾠshort,	 ﾠthe	 ﾠ
evidence	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠstudents	 ﾠof	 ﾠa	 ﾠspecific	 ﾠSoviet-ﾭ‐like	 ﾠadvisor	 ﾠwere	 ﾠdirectly	 ﾠand	 ﾠ
adversely	 ﾠaffected	 ﾠby	 ﾠthe	 ﾠSoviet	 ﾠinflux.	 ﾠ
It	 ﾠis	 ﾠeasy	 ﾠto	 ﾠmanipulate	 ﾠthe	 ﾠestimated	 ﾠcoefficients	 ﾠto	 ﾠget	 ﾠa	 ﾠback-ﾭ‐of-ﾭ‐the-ﾭ‐envelope	 ﾠ
measure	 ﾠof	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠon	 ﾠthe	 ﾠaverage	 ﾠproductivity	 ﾠof	 ﾠstudents	 ﾠproduced	 ﾠ
by	 ﾠAmerican	 ﾠinstitutions.	 ﾠFor	 ﾠexample,	 ﾠabout	 ﾠ3.0	 ﾠpercent	 ﾠof	 ﾠstudents	 ﾠhad	 ﾠa	 ﾠSoviet	 ﾠadvisor	 ﾠ
after	 ﾠ1992.	 ﾠThose	 ﾠselect	 ﾠstudents	 ﾠwere	 ﾠable	 ﾠto	 ﾠgenerate	 ﾠaround	 ﾠ+0.007	 ﾠmore	 ﾠpapers	 ﾠper	 ﾠ
year	 ﾠ(or	 ﾠ0.03	 ﾠ×	 ﾠ+0.23)	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux.	 ﾠThe	 ﾠother	 ﾠ97	 ﾠpercent	 ﾠof	 ﾠstudents,	 ﾠ
however,	 ﾠhad	 ﾠa	 ﾠnon-ﾭ‐Soviet	 ﾠadvisor,	 ﾠand	 ﾠthe	 ﾠaverage	 ﾠadvisor’s	 ﾠcorrelation	 ﾠcoefficient	 ﾠwas	 ﾠ
.09.	 ﾠThe	 ﾠpredicted	 ﾠdecline	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠproduced	 ﾠdue	 ﾠto	 ﾠthe	 ﾠintergenerational	 ﾠ
transmission	 ﾠof	 ﾠless	 ﾠmarketable	 ﾠskills	 ﾠis	 ﾠaround	 ﾠ-ﾭ‐0.038	 ﾠpapers	 ﾠ(or	 ﾠ0.97	 ﾠ×	 ﾠ0.09	 ﾠ×	 ﾠ-ﾭ‐0.43).	 ﾠThe	 ﾠ
net	 ﾠeffect,	 ﾠtherefore,	 ﾠseems	 ﾠto	 ﾠbe	 ﾠnegative.	 ﾠ
	 ﾠ
V. Aggregate Effects 
We	 ﾠnow	 ﾠshift	 ﾠthe	 ﾠfocus	 ﾠfrom	 ﾠestimating	 ﾠindividual-ﾭ‐level	 ﾠproductivity	 ﾠeffects	 ﾠto	 ﾠ
calculating	 ﾠaggregate	 ﾠeffects.	 ﾠIn	 ﾠparticular,	 ﾠwe	 ﾠwish	 ﾠto	 ﾠdetermine	 ﾠif	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠ
papers	 ﾠpublished	 ﾠby	 ﾠthe	 ﾠcohort	 ﾠof	 ﾠpre-ﾭ‐existing	 ﾠAmerican	 ﾠmathematicians	 ﾠincreased	 ﾠor	 ﾠ
decreased	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux.	 ﾠEqually	 ﾠimportant,	 ﾠdid	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠAmerican	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“mathematics	 ﾠpie”	 ﾠexpand	 ﾠor	 ﾠcontract	 ﾠafter	 ﾠwe	 ﾠtake	 ﾠaccount	 ﾠof	 ﾠthe	 ﾠcontribution	 ﾠof	 ﾠSoviet	 ﾠ
émigrés?	 ﾠ
Suppose	 ﾠwe	 ﾠdivide	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠAmerican	 ﾠmathematicians	 ﾠinto	 ﾠthree	 ﾠcategories:	 ﾠ
those	 ﾠwith	 ﾠa	 ﾠpre-ﾭ‐1990	 ﾠresearch	 ﾠagenda	 ﾠthat	 ﾠwas	 ﾠhighly	 ﾠcorrelated	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets,	 ﾠ
those	 ﾠwith	 ﾠan	 ﾠagenda	 ﾠthat	 ﾠwas	 ﾠalmost	 ﾠuncorrelated,	 ﾠand	 ﾠeveryone	 ﾠelse.	 ﾠAs	 ﾠbefore,	 ﾠwe	 ﾠuse	 ﾠ
the	 ﾠ25th	 ﾠand	 ﾠ75th	 ﾠpercentile	 ﾠof	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠto	 ﾠcalculate	 ﾠthe	 ﾠ
thresholds	 ﾠthat	 ﾠdefine	 ﾠthe	 ﾠgroups.	 ﾠ
For	 ﾠour	 ﾠfirst	 ﾠprediction	 ﾠexercise,	 ﾠwe	 ﾠestimated	 ﾠseparate	 ﾠregression	 ﾠmodels	 ﾠthat	 ﾠ
trace	 ﾠout	 ﾠthe	 ﾠmathematician’s	 ﾠage-ﾭ‐product	 ﾠprofile	 ﾠfor	 ﾠeach	 ﾠgroup.	 ﾠSpecifically,	 ﾠwe	 ﾠestimated	 ﾠ
a	 ﾠregression	 ﾠof	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠa	 ﾠparticular	 ﾠmathematician	 ﾠin	 ﾠa	 ﾠgiven	 ﾠ
calendar	 ﾠyear	 ﾠon	 ﾠyears	 ﾠof	 ﾠexperience	 ﾠ(introduced	 ﾠas	 ﾠa	 ﾠquartic	 ﾠpolynomial)	 ﾠand	 ﾠon	 ﾠa	 ﾠvector	 ﾠ
of	 ﾠindividual	 ﾠfixed	 ﾠeffects.	 ﾠNotably,	 ﾠwe	 ﾠonly	 ﾠused	 ﾠdata	 ﾠfrom	 ﾠ1970	 ﾠthrough	 ﾠ1991	 ﾠto	 ﾠestimate	 ﾠ
this	 ﾠregression	 ﾠmodel.	 ﾠWe	 ﾠthen	 ﾠused	 ﾠthe	 ﾠregressions	 ﾠto	 ﾠpredict	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠoutput	 ﾠof	 ﾠ
each	 ﾠmathematician.	 ﾠTo	 ﾠensure	 ﾠthat	 ﾠour	 ﾠpredictions	 ﾠare	 ﾠnot	 ﾠextrapolating	 ﾠinto	 ﾠthe	 ﾠfar-ﾭ‐off	 ﾠ
future,	 ﾠwe	 ﾠconduct	 ﾠthis	 ﾠ“short-ﾭ‐run”	 ﾠprediction	 ﾠexercise	 ﾠfor	 ﾠthe	 ﾠyears	 ﾠ1992-ﾭ‐1999.49	 ﾠWe	 ﾠthen	 ﾠ
added	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠpredicted	 ﾠpublications	 ﾠacross	 ﾠyears	 ﾠand	 ﾠacross	 ﾠall	 ﾠ
mathematicians	 ﾠin	 ﾠeach	 ﾠgroup.	 ﾠThe	 ﾠtop	 ﾠpanel	 ﾠof	 ﾠTable	 ﾠVIII	 ﾠreports	 ﾠthe	 ﾠpredicted	 ﾠtotal	 ﾠ
number	 ﾠof	 ﾠpapers	 ﾠ(per	 ﾠyear)	 ﾠand	 ﾠcontrasts	 ﾠthese	 ﾠpredictions	 ﾠwith	 ﾠthe	 ﾠactual	 ﾠoutput	 ﾠof	 ﾠthe	 ﾠ
pre-ﾭ‐existing	 ﾠmathematicians.	 ﾠ
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49	 ﾠSince	 ﾠthe	 ﾠregression	 ﾠwill	 ﾠbe	 ﾠused	 ﾠto	 ﾠpredict	 ﾠoutcomes	 ﾠabout	 ﾠa	 ﾠdecade	 ﾠout	 ﾠof	 ﾠsample,	 ﾠwe	 ﾠuse	 ﾠa	 ﾠlonger	 ﾠspan	 ﾠof	 ﾠ
the	 ﾠpre-ﾭ‐1992	 ﾠdata	 ﾠto	 ﾠget	 ﾠa	 ﾠmore	 ﾠprecisely	 ﾠestimated	 ﾠage-ﾭ‐productivity	 ﾠprofile	 ﾠfor	 ﾠmathematicians	 ﾠin	 ﾠeach	 ﾠ
group.	 ﾠThe	 ﾠregressions	 ﾠare	 ﾠthen	 ﾠused	 ﾠto	 ﾠpredict	 ﾠannual	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠ1992-ﾭ‐1999	 ﾠfor	 ﾠmathematicians	 ﾠ
who	 ﾠeither	 ﾠdid	 ﾠnot	 ﾠpublish	 ﾠat	 ﾠall	 ﾠafter	 ﾠ1992	 ﾠ(so	 ﾠthat	 ﾠwe	 ﾠdo	 ﾠnot	 ﾠknow	 ﾠtheir	 ﾠlocation),	 ﾠor	 ﾠwhose	 ﾠpublication	 ﾠ
record	 ﾠreveals	 ﾠthat	 ﾠthey	 ﾠwere	 ﾠaffiliated	 ﾠwith	 ﾠAmerican	 ﾠinstitutions	 ﾠduring	 ﾠthe	 ﾠperiod.	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 ﾠ Not	 ﾠsurprisingly,	 ﾠthe	 ﾠexercise	 ﾠreveals	 ﾠdramatic	 ﾠdifferences	 ﾠin	 ﾠhow	 ﾠwell	 ﾠthe	 ﾠpre-ﾭ‐1992	 ﾠ
productivity	 ﾠhistory	 ﾠpredicts	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠoutput.	 ﾠConsider,	 ﾠfor	 ﾠinstance,	 ﾠthe	 ﾠgroup	 ﾠof	 ﾠ
mathematicians	 ﾠin	 ﾠthe	 ﾠbottom	 ﾠquartile	 ﾠof	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠcorrelation	 ﾠcoefficient	 ﾠ(i.e.,	 ﾠ
those	 ﾠmathematicians	 ﾠwhose	 ﾠwork	 ﾠleast	 ﾠoverlapped	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets).	 ﾠBased	 ﾠsolely	 ﾠ
on	 ﾠthe	 ﾠpath	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐1992	 ﾠage-ﾭ‐product	 ﾠprofile,	 ﾠwe	 ﾠwould	 ﾠexpect	 ﾠthese	 ﾠmathematicians	 ﾠto	 ﾠ
publish	 ﾠ901	 ﾠpapers	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ1999.	 ﾠIn	 ﾠfact,	 ﾠthis	 ﾠgroup	 ﾠpublished	 ﾠ1,253	 ﾠpapers.	 ﾠ
Therefore,	 ﾠthe	 ﾠregression	 ﾠmodel	 ﾠunder-ﾭ‐predicts	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpublications	 ﾠfor	 ﾠ
mathematicians	 ﾠwhose	 ﾠwork	 ﾠwas	 ﾠuncorrelated	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets	 ﾠ(and	 ﾠthe	 ﾠgap	 ﾠ
between	 ﾠthe	 ﾠprediction	 ﾠand	 ﾠthe	 ﾠactual	 ﾠoutput	 ﾠis	 ﾠstatistically	 ﾠsignificant).	 ﾠHowever,	 ﾠour	 ﾠ
prediction	 ﾠis	 ﾠmuch	 ﾠfurther	 ﾠoff	 ﾠthe	 ﾠmark	 ﾠfor	 ﾠmathematicians	 ﾠwho	 ﾠare	 ﾠin	 ﾠthe	 ﾠtop	 ﾠquartile	 ﾠof	 ﾠ
the	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity.	 ﾠTheir	 ﾠpre-ﾭ‐1992	 ﾠpublications	 ﾠhistory	 ﾠpredicts	 ﾠthat	 ﾠ
they	 ﾠwould	 ﾠpublish	 ﾠ5,062	 ﾠpapers	 ﾠannually	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ1999.	 ﾠIn	 ﾠfact,	 ﾠthey	 ﾠonly	 ﾠ
published	 ﾠ4,015	 ﾠpapers,	 ﾠa	 ﾠ“loss”	 ﾠof	 ﾠover	 ﾠ1,000	 ﾠpapers.	 ﾠThis	 ﾠdifference	 ﾠis	 ﾠhighly	 ﾠsignificant.	 ﾠ
	 ﾠ If	 ﾠwe	 ﾠadd	 ﾠup	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠpredicted	 ﾠand	 ﾠactual	 ﾠpapers	 ﾠacross	 ﾠthe	 ﾠthree	 ﾠ
groups,	 ﾠour	 ﾠexercise	 ﾠover-ﾭ‐predicts	 ﾠthe	 ﾠactual	 ﾠoutput	 ﾠby	 ﾠabout	 ﾠ600	 ﾠpapers	 ﾠ(or	 ﾠ6.8	 ﾠpercent),	 ﾠa	 ﾠ
statistically	 ﾠsignificant	 ﾠdifference.	 ﾠHowever,	 ﾠTable	 ﾠ8	 ﾠalso	 ﾠreports	 ﾠthat	 ﾠSoviet	 ﾠémigrés	 ﾠ
published	 ﾠ371	 ﾠpapers	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠannually	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ1999.	 ﾠOnce	 ﾠwe	 ﾠtake	 ﾠ
into	 ﾠaccount	 ﾠthe	 ﾠSoviet	 ﾠcontribution,	 ﾠour	 ﾠprediction	 ﾠexercise	 ﾠclosely	 ﾠtracks	 ﾠwhat	 ﾠactually	 ﾠ
happened:	 ﾠThe	 ﾠpre-ﾭ‐1990	 ﾠpublication	 ﾠhistory	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠAmerican	 ﾠworkforce	 ﾠwould	 ﾠ
suggest	 ﾠa	 ﾠtotal	 ﾠof	 ﾠ9,482	 ﾠpapers	 ﾠpublished	 ﾠannually	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ1999.	 ﾠThere	 ﾠwere,	 ﾠin	 ﾠ
fact,	 ﾠ9,245	 ﾠpublications,	 ﾠand	 ﾠthis	 ﾠsmall	 ﾠdifference	 ﾠis	 ﾠnot	 ﾠstatistically	 ﾠsignificant.	 ﾠ
An	 ﾠalternative	 ﾠprediction	 ﾠexercise	 ﾠwould	 ﾠuse	 ﾠthe	 ﾠdata	 ﾠavailable	 ﾠover	 ﾠthe	 ﾠentire	 ﾠ
1978-ﾭ‐2008	 ﾠperiod	 ﾠto	 ﾠre-ﾭ‐estimate	 ﾠthe	 ﾠbasic	 ﾠregression	 ﾠmodel	 ﾠin	 ﾠequation	 ﾠ(3).	 ﾠWe	 ﾠcan	 ﾠthen	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use	 ﾠthis	 ﾠregression	 ﾠto	 ﾠconduct	 ﾠa	 ﾠcounterfactual	 ﾠexercise	 ﾠthat	 ﾠpredicts	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ
for	 ﾠeach	 ﾠmathematician	 ﾠin	 ﾠeach	 ﾠyear	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ2008	 ﾠif	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠhad	 ﾠnever	 ﾠ
occurred.	 ﾠWe	 ﾠmodel	 ﾠthis	 ﾠcounterfactual	 ﾠworld	 ﾠas	 ﾠone	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠwould	 ﾠ
not	 ﾠplay	 ﾠa	 ﾠdifferential	 ﾠrole	 ﾠin	 ﾠdetermining	 ﾠthe	 ﾠmathematician’s	 ﾠproduct	 ﾠbefore	 ﾠand	 ﾠafter	 ﾠ
1992.50	 ﾠ
We	 ﾠagain	 ﾠaggregated	 ﾠthe	 ﾠpredicted	 ﾠand	 ﾠactual	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠfor	 ﾠthe	 ﾠthree	 ﾠ
groups	 ﾠof	 ﾠmathematicians,	 ﾠand	 ﾠthese	 ﾠaggregate	 ﾠpredictions	 ﾠare	 ﾠreported	 ﾠin	 ﾠthe	 ﾠmiddle	 ﾠ
panel	 ﾠof	 ﾠTable	 ﾠVIII.	 ﾠAs	 ﾠwith	 ﾠthe	 ﾠshort-ﾭ‐run	 ﾠexercise,	 ﾠwe	 ﾠtend	 ﾠto	 ﾠslightly	 ﾠunder-ﾭ‐predict	 ﾠthe	 ﾠ
performance	 ﾠof	 ﾠAmerican	 ﾠmathematicians	 ﾠwho	 ﾠdid	 ﾠnot	 ﾠoverlap	 ﾠwith	 ﾠthe	 ﾠSoviet	 ﾠresearch	 ﾠ
agenda.	 ﾠIn	 ﾠcontrast,	 ﾠwe	 ﾠtend	 ﾠto	 ﾠover-ﾭ‐predict	 ﾠby	 ﾠa	 ﾠlarger	 ﾠamount	 ﾠ(529	 ﾠpapers),	 ﾠthe	 ﾠoutput	 ﾠof	 ﾠ
mathematicians	 ﾠwho	 ﾠwere	 ﾠmost	 ﾠSoviet-ﾭ‐like	 ﾠin	 ﾠtheir	 ﾠresearch.	 ﾠThis	 ﾠprediction	 ﾠexercise	 ﾠ
suggests	 ﾠthat	 ﾠthere	 ﾠshould	 ﾠhave	 ﾠbeen	 ﾠa	 ﾠtotal	 ﾠof	 ﾠ7,548	 ﾠpapers	 ﾠpublished	 ﾠannually	 ﾠin	 ﾠthe	 ﾠpost-ﾭ‐
1992	 ﾠperiod.	 ﾠIn	 ﾠfact,	 ﾠthere	 ﾠwere	 ﾠ7,831	 ﾠannual	 ﾠpapers	 ﾠafter	 ﾠwe	 ﾠinclude	 ﾠthe	 ﾠSoviet	 ﾠ
contribution.	 ﾠThe	 ﾠSoviets,	 ﾠtherefore,	 ﾠslightly	 ﾠincreased	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠ“mathematics	 ﾠpie”	 ﾠ(by	 ﾠ
284	 ﾠpapers	 ﾠannually),	 ﾠbut	 ﾠthe	 ﾠincrease	 ﾠis	 ﾠnot	 ﾠstatistically	 ﾠsignificant.	 ﾠ
The	 ﾠcrucial	 ﾠlesson	 ﾠfrom	 ﾠthese	 ﾠprediction	 ﾠexercises	 ﾠis	 ﾠthat	 ﾠthe	 ﾠtotal	 ﾠproduct	 ﾠof	 ﾠthe	 ﾠ
pre-ﾭ‐existing	 ﾠAmerican	 ﾠmathematics	 ﾠcommunity	 ﾠcontracted	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux,	 ﾠ
and	 ﾠthat	 ﾠthe	 ﾠSoviet	 ﾠcontribution	 ﾠto	 ﾠAmerican	 ﾠmathematics	 ﾠ“filled	 ﾠin”	 ﾠthe	 ﾠgap.	 ﾠNotably,	 ﾠthere	 ﾠ
is	 ﾠno	 ﾠevidence	 ﾠthat	 ﾠthe	 ﾠSoviets	 ﾠgreatly	 ﾠincreased	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠpie.51	 ﾠThe	 ﾠpapers	 ﾠthat	 ﾠare	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50	 ﾠSpecifically,	 ﾠthe	 ﾠprediction	 ﾠuses	 ﾠthe	 ﾠmodel	 ﾠestimated	 ﾠin	 ﾠequation	 ﾠ(3)	 ﾠand	 ﾠsets	 ﾠthe	 ﾠinteraction	 ﾠof	 ﾠthe	 ﾠpost-ﾭ‐
1992	 ﾠdummy	 ﾠvariable	 ﾠwith	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠequal	 ﾠto	 ﾠzero.	 ﾠ
51	 ﾠWe	 ﾠalso	 ﾠchecked	 ﾠthis	 ﾠprediction	 ﾠby	 ﾠconsidering	 ﾠwhether	 ﾠthe	 ﾠpredicted	 ﾠdecline	 ﾠin	 ﾠthe	 ﾠpublication	 ﾠof	 ﾠ“home	 ﾠ
runs”	 ﾠsuggested	 ﾠby	 ﾠTable	 ﾠIV	 ﾠis	 ﾠmade	 ﾠup	 ﾠby	 ﾠthe	 ﾠhome	 ﾠruns	 ﾠproduced	 ﾠby	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠAmerica.	 ﾠThat	 ﾠ
exercise	 ﾠalso	 ﾠsuggests	 ﾠthat	 ﾠsome,	 ﾠand	 ﾠpossibly	 ﾠall,	 ﾠof	 ﾠthe	 ﾠlost	 ﾠAmerican	 ﾠhome	 ﾠruns	 ﾠwere	 ﾠmade	 ﾠup	 ﾠby	 ﾠthe	 ﾠ
Soviets.	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missing	 ﾠfrom	 ﾠthe	 ﾠAmerican	 ﾠportfolio	 ﾠare	 ﾠpapers	 ﾠthat	 ﾠwould	 ﾠhave	 ﾠbeen	 ﾠwritten	 ﾠby	 ﾠthe	 ﾠmost	 ﾠ
Soviet-ﾭ‐like	 ﾠAmericans,	 ﾠbut	 ﾠnever	 ﾠwere.	 ﾠ
The	 ﾠnature	 ﾠof	 ﾠthe	 ﾠacademic	 ﾠmarket	 ﾠcan	 ﾠhelp	 ﾠus	 ﾠunderstand	 ﾠhow	 ﾠthis	 ﾠsituation	 ﾠmay	 ﾠ
arise.	 ﾠFirst	 ﾠof	 ﾠall,	 ﾠthe	 ﾠAmerican	 ﾠMathematical	 ﾠSociety’s	 ﾠAnnual	 ﾠSurveys	 ﾠreport	 ﾠsurprisingly	 ﾠ
small	 ﾠchanges	 ﾠfrom	 ﾠyear	 ﾠto	 ﾠyear	 ﾠin	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠmathematicians	 ﾠworking	 ﾠin	 ﾠU.S.	 ﾠ
research	 ﾠinstitutions	 ﾠduring	 ﾠour	 ﾠsample	 ﾠperiod.52	 ﾠWith	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠresearch	 ﾠjobs	 ﾠ
unresponsive	 ﾠto	 ﾠthe	 ﾠopportunities	 ﾠcreated	 ﾠby	 ﾠthe	 ﾠSoviet	 ﾠinflux,	 ﾠthe	 ﾠentry	 ﾠof	 ﾠexperienced	 ﾠ
Soviet	 ﾠmathematicians	 ﾠhad	 ﾠparticularly	 ﾠadverse	 ﾠeffects	 ﾠon	 ﾠuntenured	 ﾠand/or	 ﾠmarginal	 ﾠ
mathematics	 ﾠfaculty.	 ﾠAs	 ﾠwe	 ﾠhave	 ﾠshown,	 ﾠsome	 ﾠof	 ﾠthose	 ﾠfaculty	 ﾠmoved	 ﾠto	 ﾠlower-ﾭ‐ranked	 ﾠ
institutions	 ﾠand	 ﾠsome	 ﾠof	 ﾠthem	 ﾠmoved	 ﾠout	 ﾠof	 ﾠthe	 ﾠacademic	 ﾠmarket	 ﾠaltogether.	 ﾠRegardless	 ﾠof	 ﾠ
their	 ﾠfinal	 ﾠplacement,	 ﾠmany	 ﾠof	 ﾠthese	 ﾠmathematicians	 ﾠfound	 ﾠit	 ﾠincreasingly	 ﾠdifficult	 ﾠto	 ﾠdo	 ﾠthe	 ﾠ
type	 ﾠof	 ﾠresearch	 ﾠthat	 ﾠleads	 ﾠto	 ﾠpublishable	 ﾠoutput,	 ﾠeither	 ﾠbecause	 ﾠof	 ﾠan	 ﾠincreased	 ﾠteaching	 ﾠ
load,	 ﾠfewer	 ﾠnetworking	 ﾠpossibilities,	 ﾠor	 ﾠbecause	 ﾠthe	 ﾠresponsibilities	 ﾠof	 ﾠa	 ﾠjob	 ﾠas	 ﾠa	 ﾠ“quant”	 ﾠin	 ﾠ
Wall	 ﾠStreet	 ﾠlimits	 ﾠthe	 ﾠkind	 ﾠof	 ﾠeffort	 ﾠrequired	 ﾠto	 ﾠdevelop	 ﾠpublishable	 ﾠmaterial.	 ﾠ
Although	 ﾠwe	 ﾠdo	 ﾠnot	 ﾠfind	 ﾠany	 ﾠconvincing	 ﾠevidence	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠa	 ﾠsubstantial	 ﾠ
increase	 ﾠin	 ﾠthe	 ﾠaggregate	 ﾠoutput	 ﾠof	 ﾠeither	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠAmerican	 ﾠworkforce	 ﾠor	 ﾠof	 ﾠthat	 ﾠ
community	 ﾠcombined	 ﾠwith	 ﾠthe	 ﾠSoviet	 ﾠémigrés,	 ﾠit	 ﾠis	 ﾠstill	 ﾠpossible	 ﾠthat	 ﾠthe	 ﾠ“quality”	 ﾠof	 ﾠ
American	 ﾠmathematics	 ﾠimproved	 ﾠin	 ﾠa	 ﾠbroader	 ﾠsense.	 ﾠPut	 ﾠsimply,	 ﾠif	 ﾠjournal	 ﾠeditors	 ﾠ
maximize	 ﾠthe	 ﾠvisibility	 ﾠof	 ﾠtheir	 ﾠjournals,	 ﾠthen	 ﾠthe	 ﾠquality	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠ
States	 ﾠby	 ﾠSoviet	 ﾠémigrés	 ﾠmust	 ﾠhave	 ﾠbeen	 ﾠat	 ﾠleast	 ﾠas	 ﾠhigh	 ﾠas	 ﾠthat	 ﾠof	 ﾠpapers	 ﾠthey	 ﾠreplaced.	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
52	 ﾠFor	 ﾠinstance,	 ﾠbetween	 ﾠthe	 ﾠ1990-ﾭ‐91	 ﾠand	 ﾠ1994-ﾭ‐95	 ﾠacademic	 ﾠyears,	 ﾠthe	 ﾠtotal	 ﾠemployment	 ﾠof	 ﾠdoctoral	 ﾠfull-ﾭ‐time	 ﾠ
faculty	 ﾠin	 ﾠmathematics	 ﾠdepartments	 ﾠof	 ﾠPh.D.-ﾭ‐granting	 ﾠinstitutions	 ﾠincreased	 ﾠfrom	 ﾠ6,008	 ﾠto	 ﾠ6,147.	 ﾠThe	 ﾠnumber	 ﾠ
of	 ﾠsuch	 ﾠfaculty	 ﾠat	 ﾠthe	 ﾠ82	 ﾠinstitutions	 ﾠwith	 ﾠa	 ﾠConference	 ﾠBoard	 ﾠof	 ﾠAssociated	 ﾠResearch	 ﾠCouncils	 ﾠRank	 ﾠof	 ﾠI	 ﾠor	 ﾠII	 ﾠ
(i.e.,	 ﾠthose	 ﾠinstitutions	 ﾠthat	 ﾠproduce	 ﾠthe	 ﾠbulk	 ﾠof	 ﾠthe	 ﾠbest	 ﾠresearch)	 ﾠactually	 ﾠdecreased	 ﾠfrom	 ﾠ3,740	 ﾠto	 ﾠ3,613.	 ﾠIt	 ﾠis	 ﾠ
also	 ﾠinteresting	 ﾠthat	 ﾠduring	 ﾠthis	 ﾠtime	 ﾠperiod	 ﾠtotal	 ﾠemployment	 ﾠin	 ﾠstatistics	 ﾠdepartments	 ﾠalso	 ﾠdeclined	 ﾠslightly,	 ﾠ
from	 ﾠ1,123	 ﾠto	 ﾠ1,099.	 ﾠ	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We	 ﾠexamine	 ﾠthis	 ﾠimplication	 ﾠby	 ﾠpredicting	 ﾠthe	 ﾠaggregate	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠthat	 ﾠ
American	 ﾠmathematicians	 ﾠshould	 ﾠhave	 ﾠproduced	 ﾠafter	 ﾠ1992,	 ﾠand	 ﾠdetermining	 ﾠif	 ﾠany	 ﾠdrop	 ﾠin	 ﾠ
the	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠis	 ﾠmore	 ﾠthan	 ﾠmade	 ﾠup	 ﾠby	 ﾠcitations	 ﾠto	 ﾠpapers	 ﾠwritten	 ﾠby	 ﾠSoviet	 ﾠ
émigrés	 ﾠafter	 ﾠtheir	 ﾠarrival	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.53	 ﾠAs	 ﾠthe	 ﾠbottom	 ﾠpanel	 ﾠin	 ﾠTable	 ﾠVIII	 ﾠ
demonstrates,	 ﾠthere	 ﾠwas	 ﾠa	 ﾠsizable	 ﾠdrop	 ﾠin	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠproduced	 ﾠby	 ﾠ
American	 ﾠmathematicians,	 ﾠbut	 ﾠthe	 ﾠincreased	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠproduced	 ﾠby	 ﾠthe	 ﾠSoviet	 ﾠ
émigrés	 ﾠmore	 ﾠthan	 ﾠcompensated	 ﾠfor	 ﾠthe	 ﾠdrop—although	 ﾠthe	 ﾠnet	 ﾠincrease	 ﾠis	 ﾠnot	 ﾠ
significant.54	 ﾠIn	 ﾠsum,	 ﾠthe	 ﾠevidence	 ﾠallows	 ﾠfor	 ﾠa	 ﾠplausible	 ﾠ(though	 ﾠweak)	 ﾠcase	 ﾠthat	 ﾠthe	 ﾠ
American	 ﾠmathematics	 ﾠmarket	 ﾠsucceeded	 ﾠin	 ﾠreplacing	 ﾠsome	 ﾠproofs	 ﾠthat	 ﾠwould	 ﾠotherwise	 ﾠ
have	 ﾠbeen	 ﾠproven	 ﾠwith	 ﾠa	 ﾠsomewhat	 ﾠlarger	 ﾠnumber	 ﾠof	 ﾠslightly	 ﾠmore	 ﾠinteresting	 ﾠtheorems.	 ﾠ
But	 ﾠit	 ﾠis	 ﾠproblematic	 ﾠto	 ﾠconclude	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠa	 ﾠ(small)	 ﾠnet	 ﾠbenefit	 ﾠto	 ﾠAmerican	 ﾠ
mathematics	 ﾠbecause	 ﾠthe	 ﾠcounterfactual	 ﾠis	 ﾠdifficult	 ﾠto	 ﾠobserve.	 ﾠIn	 ﾠmathematics	 ﾠ(unlike	 ﾠin	 ﾠ
much	 ﾠof,	 ﾠsay,	 ﾠeconomics),	 ﾠa	 ﾠresult—i.e.,	 ﾠa	 ﾠproof—that	 ﾠis	 ﾠtrue	 ﾠis	 ﾠtrue	 ﾠfor	 ﾠall	 ﾠtime.	 ﾠThis	 ﾠ
suggests	 ﾠthat	 ﾠthere	 ﾠis	 ﾠan	 ﾠopportunity	 ﾠcost	 ﾠto	 ﾠslightly	 ﾠless	 ﾠinteresting	 ﾠproofs	 ﾠnever	 ﾠbeing	 ﾠ
published	 ﾠin	 ﾠorder	 ﾠto	 ﾠmake	 ﾠway	 ﾠfor	 ﾠslightly	 ﾠmore	 ﾠinteresting	 ﾠones;	 ﾠthe	 ﾠless	 ﾠinteresting	 ﾠ
proof	 ﾠcould	 ﾠhave	 ﾠbeen	 ﾠa	 ﾠfoundation	 ﾠfor	 ﾠa	 ﾠmore	 ﾠimportant	 ﾠproof	 ﾠin	 ﾠthe	 ﾠfuture.	 ﾠA	 ﾠcomplete	 ﾠ
evaluation	 ﾠof	 ﾠcosts	 ﾠand	 ﾠbenefits,	 ﾠtherefore,	 ﾠwould	 ﾠneed	 ﾠto	 ﾠcompare	 ﾠthe	 ﾠlong-ﾭ‐run	 ﾠvalue	 ﾠof	 ﾠ
the	 ﾠproofs	 ﾠthat	 ﾠwere,	 ﾠin	 ﾠfact,	 ﾠproven	 ﾠby	 ﾠthe	 ﾠSoviet	 ﾠémigrés	 ﾠwith	 ﾠthe	 ﾠproofs	 ﾠthat	 ﾠwould	 ﾠhave	 ﾠ
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53	 ﾠThe	 ﾠprediction	 ﾠexercise	 ﾠuses	 ﾠthe	 ﾠAMS	 ﾠcounts	 ﾠof	 ﾠcitations	 ﾠsince	 ﾠthe	 ﾠISI	 ﾠseverely	 ﾠundercounts	 ﾠcitations	 ﾠby	 ﾠ
Soviet	 ﾠmathematicians.	 ﾠ
54	 ﾠIt	 ﾠmay	 ﾠalso	 ﾠbe	 ﾠthe	 ﾠcase	 ﾠthat	 ﾠmathematical	 ﾠwork	 ﾠis	 ﾠnow	 ﾠmore	 ﾠoften	 ﾠcited	 ﾠoutside	 ﾠmathematics.	 ﾠFor	 ﾠexample,	 ﾠ
experimental	 ﾠphysicists	 ﾠmay	 ﾠbe	 ﾠciting	 ﾠand	 ﾠusing	 ﾠnewly	 ﾠavailable	 ﾠSoviet	 ﾠwork	 ﾠon	 ﾠquantum	 ﾠtheory	 ﾠin	 ﾠtheir	 ﾠown	 ﾠ
research.	 ﾠIt	 ﾠis	 ﾠcertainly	 ﾠthe	 ﾠcase	 ﾠthat	 ﾠAmerican	 ﾠpapers	 ﾠoutside	 ﾠmathematics	 ﾠcite	 ﾠmathematical	 ﾠpapers.	 ﾠThere	 ﾠ
were	 ﾠ256	 ﾠthousand	 ﾠsuch	 ﾠcitations	 ﾠin	 ﾠ1978,	 ﾠand	 ﾠthis	 ﾠnumber	 ﾠrose	 ﾠto	 ﾠ1.8	 ﾠmillion	 ﾠby	 ﾠ2007.	 ﾠHowever,	 ﾠcitations	 ﾠto	 ﾠ
Soviet	 ﾠmathematical	 ﾠresearch	 ﾠare	 ﾠquite	 ﾠrare	 ﾠthroughout	 ﾠthe	 ﾠentire	 ﾠperiod.	 ﾠThese	 ﾠcitations	 ﾠaccounted	 ﾠfor	 ﾠ
three-ﾭ‐hundredths	 ﾠof	 ﾠone	 ﾠpercent	 ﾠof	 ﾠthe	 ﾠtotal	 ﾠin	 ﾠ1978	 ﾠand	 ﾠseven-ﾭ‐hundredths	 ﾠof	 ﾠone	 ﾠpercent	 ﾠin	 ﾠ2007.	 ﾠIt	 ﾠseems	 ﾠ
implausible;	 ﾠtherefore,	 ﾠthat	 ﾠSoviet	 ﾠmathematical	 ﾠresearch	 ﾠcould	 ﾠhave	 ﾠformed	 ﾠthe	 ﾠbasis	 ﾠfor	 ﾠlarge	 ﾠ
improvements	 ﾠin	 ﾠAmerican	 ﾠnon-ﾭ‐mathematical	 ﾠfields.	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been	 ﾠproven	 ﾠby	 ﾠthe	 ﾠdisplaced	 ﾠAmerican	 ﾠmathematicians,	 ﾠmany	 ﾠof	 ﾠwhom	 ﾠwere	 ﾠrelatively	 ﾠ
young	 ﾠand	 ﾠperhaps	 ﾠat	 ﾠtheir	 ﾠpeak	 ﾠmathematical	 ﾠefficiency.	 ﾠ
	 ﾠ
VI. International Differences 
	 ﾠ The	 ﾠevidence	 ﾠreported	 ﾠin	 ﾠthe	 ﾠprevious	 ﾠsections	 ﾠdocuments	 ﾠthat	 ﾠAmerican	 ﾠ
mathematicians	 ﾠwhose	 ﾠresearch	 ﾠagenda	 ﾠmost	 ﾠoverlapped	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets	 ﾠsuffered	 ﾠa	 ﾠ
loss	 ﾠin	 ﾠproductivity	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠThe	 ﾠregressions,	 ﾠhowever,	 ﾠdo	 ﾠnot	 ﾠ
directly	 ﾠlink	 ﾠthe	 ﾠdecline	 ﾠin	 ﾠproductivity	 ﾠto	 ﾠthe	 ﾠphysical	 ﾠpresence	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠthe	 ﾠ
United	 ﾠStates.	 ﾠ
As	 ﾠin	 ﾠstudies	 ﾠof	 ﾠthe	 ﾠlabor	 ﾠmarket	 ﾠimpact	 ﾠof	 ﾠimmigration,	 ﾠit	 ﾠcan	 ﾠplausibly	 ﾠbe	 ﾠargued	 ﾠ
that	 ﾠsome,	 ﾠif	 ﾠnot	 ﾠall,	 ﾠof	 ﾠthe	 ﾠimpact	 ﾠwould	 ﾠhave	 ﾠbeen	 ﾠobserved	 ﾠbecause	 ﾠof	 ﾠthe	 ﾠincreased	 ﾠ
“globalization”	 ﾠof	 ﾠthe	 ﾠmathematics	 ﾠmarketplace	 ﾠafter	 ﾠ1992,	 ﾠregardless	 ﾠof	 ﾠhow	 ﾠmany	 ﾠ
émigrés	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠactually	 ﾠadmitted.	 ﾠAfter	 ﾠall,	 ﾠthe	 ﾠmost	 ﾠhighly	 ﾠsubstitutable	 ﾠ
American	 ﾠmathematicians	 ﾠcould	 ﾠhave	 ﾠbecome	 ﾠless	 ﾠproductive	 ﾠsimply	 ﾠbecause	 ﾠthe	 ﾠSoviets	 ﾠ
(regardless	 ﾠof	 ﾠwhere	 ﾠthey	 ﾠare	 ﾠlocated)	 ﾠwere	 ﾠnow	 ﾠfree	 ﾠto	 ﾠcompete	 ﾠfor	 ﾠjournal	 ﾠspace,	 ﾠ
financial	 ﾠgrants,	 ﾠand	 ﾠother	 ﾠtypes	 ﾠof	 ﾠacademic	 ﾠrecognition.	 ﾠ
In	 ﾠan	 ﾠimportant	 ﾠsense,	 ﾠa	 ﾠmathematician	 ﾠin	 ﾠany	 ﾠcountry	 ﾠoutside	 ﾠthe	 ﾠformer	 ﾠSoviet	 ﾠ
Union	 ﾠis	 ﾠcompeting	 ﾠwith	 ﾠthe	 ﾠSoviet	 ﾠémigrés	 ﾠin	 ﾠtwo	 ﾠdistinct	 ﾠmarkets:	 ﾠThe	 ﾠfirst	 ﾠis	 ﾠa	 ﾠmarket	 ﾠ
defined	 ﾠalong	 ﾠgeographic	 ﾠlines,	 ﾠsuch	 ﾠas	 ﾠthe	 ﾠnational	 ﾠjob	 ﾠmarket,	 ﾠwhere	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthe	 ﾠ
émigrés	 ﾠmay	 ﾠreduce	 ﾠlabor	 ﾠmarket	 ﾠopportunities	 ﾠ(Borjas	 ﾠ2003).	 ﾠThe	 ﾠsecond	 ﾠis	 ﾠa	 ﾠmarket	 ﾠ
defined	 ﾠin	 ﾠthe	 ﾠrealm	 ﾠof	 ﾠideas,	 ﾠwhere	 ﾠthe	 ﾠmathematician	 ﾠis	 ﾠnow	 ﾠcompeting	 ﾠwith	 ﾠSoviets	 ﾠ
(both	 ﾠthe	 ﾠémigrés	 ﾠand	 ﾠthe	 ﾠones	 ﾠleft	 ﾠbehind)	 ﾠwho	 ﾠare	 ﾠdoing	 ﾠthe	 ﾠsame	 ﾠtype	 ﾠof	 ﾠresearch	 ﾠand	 ﾠ  48 
who	 ﾠwill	 ﾠbe	 ﾠcompeting	 ﾠfor	 ﾠjournal	 ﾠspace	 ﾠand	 ﾠfor	 ﾠthe	 ﾠrewards	 ﾠthat	 ﾠcome	 ﾠwith	 ﾠincreased	 ﾠ
academic	 ﾠrecognition.55	 ﾠ
Our	 ﾠdata	 ﾠcan	 ﾠshed	 ﾠlight	 ﾠon	 ﾠthe	 ﾠrelative	 ﾠimportance	 ﾠof	 ﾠcompetition	 ﾠin	 ﾠ“bodies”	 ﾠversus	 ﾠ
“ideas”.	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠled	 ﾠto	 ﾠa	 ﾠmoderately	 ﾠsized	 ﾠdiaspora	 ﾠof	 ﾠ
Soviet	 ﾠmathematicians	 ﾠto	 ﾠmany	 ﾠcountries,	 ﾠnot	 ﾠjust	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠTo	 ﾠprovide	 ﾠa	 ﾠprecise	 ﾠ
definition	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠmathematics	 ﾠworkforce	 ﾠin	 ﾠeach	 ﾠcountry,	 ﾠwe	 ﾠrestrict	 ﾠthe	 ﾠ
analysis	 ﾠto	 ﾠthe	 ﾠyears	 ﾠbetween	 ﾠ1984	 ﾠand	 ﾠ2008.	 ﾠ	 ﾠA	 ﾠmathematician	 ﾠis	 ﾠallocated	 ﾠto	 ﾠa	 ﾠspecific	 ﾠ
country	 ﾠif	 ﾠat	 ﾠleast	 ﾠhalf	 ﾠthe	 ﾠpapers	 ﾠpublished	 ﾠbetween	 ﾠ1984	 ﾠand	 ﾠ1989	 ﾠused	 ﾠan	 ﾠaffiliation	 ﾠin	 ﾠ
that	 ﾠcountry.	 ﾠTable	 ﾠIX	 ﾠlists	 ﾠthe	 ﾠ26	 ﾠcountries	 ﾠthat	 ﾠhad	 ﾠa	 ﾠpre-ﾭ‐existing	 ﾠmathematical	 ﾠ
community	 ﾠof	 ﾠat	 ﾠleast	 ﾠ500	 ﾠactive	 ﾠmathematicians	 ﾠprior	 ﾠto	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠ
The	 ﾠtop	 ﾠ10	 ﾠcountries	 ﾠin	 ﾠthis	 ﾠlist	 ﾠhave	 ﾠat	 ﾠleast	 ﾠ2,000	 ﾠactive	 ﾠmathematicians,	 ﾠand	 ﾠaccount	 ﾠfor	 ﾠ
72.2	 ﾠpercent	 ﾠof	 ﾠall	 ﾠpapers	 ﾠwritten	 ﾠ(outside	 ﾠthe	 ﾠSoviet	 ﾠUnion)	 ﾠbetween	 ﾠ1984	 ﾠand	 ﾠ1989,	 ﾠand	 ﾠ
these	 ﾠpapers	 ﾠreceived	 ﾠ79.8	 ﾠpercent	 ﾠof	 ﾠall	 ﾠcitations.	 ﾠThe	 ﾠ26	 ﾠcountries	 ﾠin	 ﾠTable	 ﾠIX	 ﾠaccount	 ﾠfor	 ﾠ
89.3	 ﾠpercent	 ﾠof	 ﾠall	 ﾠpapers	 ﾠwritten,	 ﾠand	 ﾠthose	 ﾠpapers	 ﾠreceived	 ﾠ93.2	 ﾠpercent	 ﾠof	 ﾠall	 ﾠcitations.	 ﾠ
We	 ﾠestimate	 ﾠthat	 ﾠthere	 ﾠare	 ﾠ1,051	 ﾠmathematicians	 ﾠwho	 ﾠpublished	 ﾠpredominantly	 ﾠin	 ﾠ
the	 ﾠSoviet	 ﾠUnion	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ1989	 ﾠor	 ﾠwho	 ﾠreceived	 ﾠtheir	 ﾠdoctoral	 ﾠdegree	 ﾠfrom	 ﾠa	 ﾠ
Soviet	 ﾠinstitution	 ﾠbetween	 ﾠ1960	 ﾠand	 ﾠ1989,	 ﾠyet	 ﾠwhose	 ﾠmodal	 ﾠaffiliation	 ﾠin	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠ
period	 ﾠwas	 ﾠoutside	 ﾠthe	 ﾠbloc	 ﾠof	 ﾠcountries	 ﾠformerly	 ﾠknown	 ﾠas	 ﾠthe	 ﾠUSSR.	 ﾠOf	 ﾠthese	 ﾠSoviet	 ﾠ
mathematicians,	 ﾠ336	 ﾠ(or	 ﾠ32.0	 ﾠpercent)	 ﾠended	 ﾠup	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠOther	 ﾠcountries,	 ﾠsuch	 ﾠ
as	 ﾠIsrael	 ﾠor	 ﾠGermany,	 ﾠalso	 ﾠreceived	 ﾠlarge	 ﾠnumbers	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠ(122	 ﾠin	 ﾠIsrael	 ﾠand	 ﾠ66	 ﾠin	 ﾠ
Germany).	 ﾠAt	 ﾠthe	 ﾠsame	 ﾠtime,	 ﾠhowever,	 ﾠother	 ﾠcountries	 ﾠwith	 ﾠa	 ﾠthriving	 ﾠmathematical	 ﾠ
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 ﾠKaiser	 ﾠ(2012)	 ﾠpresents	 ﾠa	 ﾠfascinating	 ﾠanalysis	 ﾠof	 ﾠhow	 ﾠjournals	 ﾠrespond	 ﾠto	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
knowledge	 ﾠproducers	 ﾠin	 ﾠthe	 ﾠmarket	 ﾠfor	 ﾠideas.	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community	 ﾠwere	 ﾠbarely	 ﾠaffected	 ﾠby	 ﾠthe	 ﾠmigration:	 ﾠChina	 ﾠdid	 ﾠnot	 ﾠreceive	 ﾠany	 ﾠSoviet	 ﾠ
émigrés,	 ﾠJapan	 ﾠreceived	 ﾠ7,	 ﾠand	 ﾠIndia	 ﾠ8.	 ﾠ
Table	 ﾠIX	 ﾠalso	 ﾠreports	 ﾠthe	 ﾠ“immigrant	 ﾠshare,”	 ﾠdefined	 ﾠas	 ﾠthe	 ﾠratio	 ﾠ(in	 ﾠpercent)	 ﾠof	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠémigrés	 ﾠto	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpre-ﾭ‐existing	 ﾠmathematicians.	 ﾠNot	 ﾠsurprisingly,	 ﾠthere	 ﾠis	 ﾠ
a	 ﾠgreat	 ﾠdeal	 ﾠof	 ﾠvariation	 ﾠin	 ﾠthe	 ﾠrelative	 ﾠsize	 ﾠof	 ﾠthe	 ﾠsupply	 ﾠshock	 ﾠacross	 ﾠthe	 ﾠ26	 ﾠcountries,	 ﾠ
ranging	 ﾠfrom	 ﾠa	 ﾠmaximum	 ﾠof	 ﾠ12.0	 ﾠpercent	 ﾠin	 ﾠIsrael,	 ﾠto	 ﾠ5.1	 ﾠpercent	 ﾠin	 ﾠSweden,	 ﾠ1.9	 ﾠpercent	 ﾠin	 ﾠ
Australia,	 ﾠand	 ﾠa	 ﾠminimum	 ﾠof	 ﾠ0.0	 ﾠpercent	 ﾠin	 ﾠChina.	 ﾠ
There	 ﾠare,	 ﾠof	 ﾠcourse,	 ﾠquality	 ﾠdifferences	 ﾠacross	 ﾠboth	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠmathematicians	 ﾠ
in	 ﾠdifferent	 ﾠcountries	 ﾠand	 ﾠacross	 ﾠthe	 ﾠémigrés	 ﾠwho	 ﾠchose	 ﾠto	 ﾠsettle	 ﾠin	 ﾠdifferent	 ﾠcountries.	 ﾠA	 ﾠ
conceptually	 ﾠbetter	 ﾠmeasure	 ﾠof	 ﾠthe	 ﾠsupply	 ﾠshock	 ﾠwould	 ﾠadjust	 ﾠfor	 ﾠthese	 ﾠquality	 ﾠdifferences.	 ﾠ
We	 ﾠcalculated	 ﾠthe	 ﾠpercent	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠdue	 ﾠto	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠin	 ﾠ
each	 ﾠcountry.	 ﾠWe	 ﾠdefine	 ﾠthe	 ﾠquality-ﾭ‐adjusted	 ﾠimmigrant	 ﾠshare	 ﾠas	 ﾠthe	 ﾠratio	 ﾠ(in	 ﾠpercent)	 ﾠof	 ﾠ
the	 ﾠ1984-ﾭ‐1989	 ﾠ(AMS)	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠthe	 ﾠémigrés	 ﾠwho	 ﾠeventually	 ﾠmoved	 ﾠto	 ﾠcountry	 ﾠi	 ﾠ
to	 ﾠthe	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠthe	 ﾠmathematicians	 ﾠin	 ﾠthat	 ﾠcountry	 ﾠover	 ﾠthe	 ﾠsame	 ﾠperiod.	 ﾠIt	 ﾠis	 ﾠ
notable	 ﾠthat	 ﾠalthough	 ﾠthe	 ﾠquality-ﾭ‐adjusted	 ﾠmeasure	 ﾠof	 ﾠthe	 ﾠsupply	 ﾠshock	 ﾠdiffers	 ﾠ
substantially	 ﾠfrom	 ﾠthe	 ﾠtraditional	 ﾠimmigrant	 ﾠshare,	 ﾠit	 ﾠis	 ﾠbelow	 ﾠ3	 ﾠpercent	 ﾠfor	 ﾠalmost	 ﾠall	 ﾠthe	 ﾠ
countries.	 ﾠThe	 ﾠtwo	 ﾠoutliers	 ﾠare	 ﾠIsrael	 ﾠand	 ﾠSweden,	 ﾠwhere	 ﾠthe	 ﾠSoviet	 ﾠémigrés	 ﾠincreased	 ﾠthe	 ﾠ
effective	 ﾠsupply	 ﾠof	 ﾠmathematicians	 ﾠby	 ﾠ10.3	 ﾠand	 ﾠ16.6	 ﾠpercent,	 ﾠrespectively.	 ﾠ
	 ﾠ We	 ﾠestimated	 ﾠthe	 ﾠbasic	 ﾠregression	 ﾠmodel	 ﾠfirst	 ﾠpresented	 ﾠin	 ﾠequation	 ﾠ(3)	 ﾠseparately	 ﾠ
for	 ﾠeach	 ﾠof	 ﾠthe	 ﾠ26	 ﾠdifferent	 ﾠcountries.	 ﾠThe	 ﾠgeneric	 ﾠregression	 ﾠmodel	 ﾠis	 ﾠgiven	 ﾠby:	 ﾠ
	 ﾠ
(7)	 ﾠ 	 ﾠ yit(c)	 ﾠ=	 ﾠφi	 ﾠ+	 ﾠφt	 ﾠ+	 ﾠXi(t)	 ﾠγc	 ﾠ	 ﾠ+	 ﾠθc	 ﾠ(T	 ﾠ×	 ﾠIndexi)	 ﾠ+	 ﾠεi(t),	 ﾠ
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where	 ﾠyij(c)	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠwritten	 ﾠby	 ﾠmathematician	 ﾠi,	 ﾠin	 ﾠyear	 ﾠt,	 ﾠin	 ﾠcountry	 ﾠc.	 ﾠWe	 ﾠ
estimated	 ﾠequation	 ﾠ(7)	 ﾠusing	 ﾠeach	 ﾠof	 ﾠthe	 ﾠthree	 ﾠalternative	 ﾠoverlap	 ﾠindices.	 ﾠ
	 ﾠ The	 ﾠfirst	 ﾠcolumn	 ﾠof	 ﾠTable	 ﾠIX	 ﾠreports	 ﾠthe	 ﾠestimate	 ﾠof	 ﾠthe	 ﾠcoefficient	 ﾠθc	 ﾠ(from	 ﾠthe	 ﾠ
specification	 ﾠthat	 ﾠuses	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity).	 ﾠThere	 ﾠis	 ﾠa	 ﾠlot	 ﾠof	 ﾠdispersion	 ﾠin	 ﾠthe	 ﾠestimated	 ﾠ
coefficient:	 ﾠ-ﾭ‐1.45	 ﾠ(0.13)	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates;	 ﾠ-ﾭ‐0.53	 ﾠ(0.34)	 ﾠin	 ﾠPoland;	 ﾠ0.85	 ﾠ(0.53)	 ﾠin	 ﾠChina;	 ﾠ
and	 ﾠ-ﾭ‐0.80	 ﾠ(0.66)	 ﾠin	 ﾠIsrael.	 ﾠTo	 ﾠillustrate	 ﾠthe	 ﾠcross-ﾭ‐country	 ﾠvariation	 ﾠin	 ﾠthe	 ﾠmeasured	 ﾠimpact	 ﾠ
of	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠFigure	 ﾠIXa	 ﾠshows	 ﾠthe	 ﾠscatter	 ﾠdiagram	 ﾠrelating	 ﾠthe	 ﾠ
estimate	 ﾠof	 ﾠθc	 ﾠto	 ﾠthe	 ﾠquality-ﾭ‐adjusted	 ﾠimmigrant	 ﾠshare	 ﾠfor	 ﾠthe	 ﾠ10	 ﾠcountries	 ﾠwith	 ﾠthe	 ﾠlargest	 ﾠ
mathematical	 ﾠcommunities.56	 ﾠInterestingly,	 ﾠthe	 ﾠfigure	 ﾠreveals	 ﾠa	 ﾠstrong	 ﾠnegative	 ﾠcorrelation	 ﾠ
between	 ﾠthe	 ﾠcoefficient	 ﾠθc	 ﾠfor	 ﾠa	 ﾠparticular	 ﾠcountry	 ﾠand	 ﾠthe	 ﾠquality-ﾭ‐adjusted	 ﾠimmigrant	 ﾠ
share	 ﾠin	 ﾠthat	 ﾠcountry,	 ﾠat	 ﾠleast	 ﾠwithin	 ﾠthe	 ﾠgroup	 ﾠof	 ﾠthe	 ﾠ10	 ﾠlargest	 ﾠcountries.	 ﾠ
	 ﾠ Of	 ﾠcourse,	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠon	 ﾠthe	 ﾠproductivity	 ﾠof	 ﾠ
mathematicians	 ﾠin	 ﾠany	 ﾠgiven	 ﾠcountry	 ﾠdepends	 ﾠnot	 ﾠonly	 ﾠon	 ﾠhow	 ﾠmany	 ﾠémigrés	 ﾠthe	 ﾠcountry	 ﾠ
received,	 ﾠbut	 ﾠalso	 ﾠon	 ﾠhow	 ﾠclosely	 ﾠ“connected”	 ﾠthat	 ﾠcountry	 ﾠis	 ﾠto	 ﾠthe	 ﾠglobal	 ﾠmathematics	 ﾠ
community.	 ﾠPresumably,	 ﾠmathematicians	 ﾠin	 ﾠa	 ﾠparticular	 ﾠcountry	 ﾠwill	 ﾠbe	 ﾠmore	 ﾠlikely	 ﾠto	 ﾠbe	 ﾠ
affected	 ﾠby	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠglobalization	 ﾠof	 ﾠthe	 ﾠmathematics	 ﾠmarket	 ﾠif	 ﾠthe	 ﾠcountry’s	 ﾠ
mathematicians	 ﾠare	 ﾠroutinely	 ﾠcompeting	 ﾠin	 ﾠthe	 ﾠglobal	 ﾠmarket	 ﾠfor	 ﾠmathematical	 ﾠideas.	 ﾠ	 ﾠ
	 ﾠ We	 ﾠconstruct	 ﾠan	 ﾠindex	 ﾠto	 ﾠmeasure	 ﾠthe	 ﾠextent	 ﾠof	 ﾠconnectivity	 ﾠbetween	 ﾠ
mathematicians	 ﾠin	 ﾠcountry	 ﾠc	 ﾠand	 ﾠmathematicians	 ﾠin	 ﾠother	 ﾠcountries	 ﾠ(outside	 ﾠthe	 ﾠSoviet	 ﾠ
Union).	 ﾠMathematicians	 ﾠin	 ﾠcountry	 ﾠc	 ﾠpublished	 ﾠin	 ﾠa	 ﾠspecific	 ﾠset	 ﾠof	 ﾠjournals	 ﾠin	 ﾠthe	 ﾠpre-ﾭ‐1990	 ﾠ
period.	 ﾠIf	 ﾠall	 ﾠof	 ﾠthe	 ﾠjournals	 ﾠin	 ﾠthat	 ﾠset	 ﾠonly	 ﾠpublished	 ﾠarticles	 ﾠwritten	 ﾠby	 ﾠmathematicians	 ﾠ
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 ﾠ	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 ﾠThe	 ﾠscatter	 ﾠfor	 ﾠall	 ﾠ26	 ﾠcountries	 ﾠis	 ﾠless	 ﾠinformative	 ﾠsince	 ﾠthe	 ﾠscaling	 ﾠis	 ﾠskewed	 ﾠby	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠIsrael	 ﾠand,	 ﾠ
particularly,	 ﾠSweden	 ﾠhave	 ﾠvery	 ﾠlarge	 ﾠquality-ﾭ‐adjusted	 ﾠsupply	 ﾠshocks.	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from	 ﾠcountry	 ﾠc,	 ﾠthen	 ﾠcountry	 ﾠc	 ﾠwould	 ﾠhave	 ﾠa	 ﾠconnectivity	 ﾠof	 ﾠ1.0	 ﾠwith	 ﾠitself	 ﾠand	 ﾠ0.0	 ﾠwith	 ﾠall	 ﾠ
other	 ﾠcountries.	 ﾠBut	 ﾠif	 ﾠthese	 ﾠjournals	 ﾠused	 ﾠhalf	 ﾠof	 ﾠtheir	 ﾠslots	 ﾠto	 ﾠpublish	 ﾠarticles	 ﾠwritten	 ﾠby	 ﾠ
mathematicians	 ﾠfrom	 ﾠcountry	 ﾠc	 ﾠand	 ﾠthe	 ﾠother	 ﾠhalf	 ﾠto	 ﾠpublish	 ﾠarticles	 ﾠby	 ﾠmathematicians	 ﾠ
from	 ﾠcountry	 ﾠd,	 ﾠthen	 ﾠcountry	 ﾠc	 ﾠwould	 ﾠhave	 ﾠconnectivity	 ﾠof	 ﾠ0.5	 ﾠwith	 ﾠitself	 ﾠand	 ﾠ0.5	 ﾠwith	 ﾠ
country	 ﾠd.	 ﾠ
To	 ﾠgeneralize,	 ﾠlet	 ﾠγ 
c	 ﾠbe	 ﾠthe	 ﾠshare	 ﾠof	 ﾠcountry	 ﾠc’s	 ﾠpapers	 ﾠthat	 ﾠare	 ﾠpublished	 ﾠby	 ﾠjournal	 ﾠ
	 ﾠ(	 ﾠ=	 ﾠ1,…,L)	 ﾠand	 ﾠletLd
 	 ﾠbe	 ﾠthe	 ﾠshare	 ﾠof	 ﾠjournal	 ﾠ’s	 ﾠpapers	 ﾠthat	 ﾠare	 ﾠfrom	 ﾠcountry	 ﾠd.	 ﾠCountry	 ﾠ
c’s	 ﾠindex	 ﾠof	 ﾠconnectivity	 ﾠwith	 ﾠcountry	 ﾠd	 ﾠis	 ﾠthen	 ﾠgiven	 ﾠby	 ﾠthe	 ﾠdot	 ﾠproduct:	 ﾠ
	 ﾠ
(8)	 ﾠ 	 ﾠ
 
Yd
c = γ 
c
=1
L
∑ Ld
.	 ﾠ
	 ﾠ
The	 ﾠmathematical	 ﾠworld	 ﾠis	 ﾠmade	 ﾠup	 ﾠby	 ﾠmathematicians	 ﾠliving	 ﾠin	 ﾠC	 ﾠdifferent	 ﾠcountries	 ﾠ(κ	 ﾠ=	 ﾠ
1,...,C).	 ﾠWe	 ﾠcan	 ﾠthen	 ﾠdefine	 ﾠcountry	 ﾠc’s	 ﾠindex	 ﾠof	 ﾠconnectivity	 ﾠwith	 ﾠthe	 ﾠmathematical	 ﾠworld	 ﾠ
as:	 ﾠ
	 ﾠ
(9)	 ﾠ 	 ﾠ Vc = πκ
κ=1
C
∑ Yκ
c	 ﾠ	 ﾠ
	 ﾠ
where	 ﾠπκ	 ﾠis	 ﾠthe	 ﾠshare	 ﾠof	 ﾠthe	 ﾠworld’s	 ﾠpopulation	 ﾠof	 ﾠmathematicians	 ﾠresiding	 ﾠin	 ﾠcountry	 ﾠκ.   52 
We	 ﾠcalculated	 ﾠthe	 ﾠindex	 ﾠdefined	 ﾠin	 ﾠequation	 ﾠ(9)	 ﾠfor	 ﾠeach	 ﾠcountry.57	 ﾠThe	 ﾠestimated	 ﾠ
indices	 ﾠare	 ﾠreported	 ﾠin	 ﾠthe	 ﾠlast	 ﾠcolumn	 ﾠof	 ﾠTable	 ﾠIX.	 ﾠNote	 ﾠthat	 ﾠthere	 ﾠis	 ﾠsubstantial	 ﾠdispersion	 ﾠ
in	 ﾠthe	 ﾠindex	 ﾠof	 ﾠconnectivity:	 ﾠIt	 ﾠis	 ﾠrelatively	 ﾠlarge	 ﾠfor	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠand	 ﾠCanada,	 ﾠbut	 ﾠsmall	 ﾠ
for	 ﾠsuch	 ﾠcountries	 ﾠas	 ﾠBelgium,	 ﾠPoland,	 ﾠand	 ﾠRomania.	 ﾠFigure	 ﾠIXb	 ﾠillustrates	 ﾠthe	 ﾠrelation	 ﾠ
between	 ﾠthe	 ﾠcountry-ﾭ‐specific	 ﾠcoefficient	 ﾠθc	 ﾠand	 ﾠthe	 ﾠindex	 ﾠof	 ﾠconnectivity.	 ﾠThere	 ﾠseems	 ﾠto	 ﾠbe	 ﾠ
a	 ﾠnegative	 ﾠrelation	 ﾠbetween	 ﾠthese	 ﾠvariables,	 ﾠat	 ﾠleast	 ﾠamong	 ﾠthe	 ﾠcountries	 ﾠwith	 ﾠthe	 ﾠlargest	 ﾠ
mathematical	 ﾠcommunities.	 ﾠ	 ﾠ
	 ﾠ We	 ﾠwish	 ﾠto	 ﾠexamine	 ﾠthe	 ﾠextent	 ﾠto	 ﾠwhich	 ﾠthe	 ﾠproductivity	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠ
the	 ﾠSoviet	 ﾠUnion	 ﾠon	 ﾠcompeting	 ﾠWestern	 ﾠmathematicians	 ﾠ(as	 ﾠmeasured	 ﾠby	 ﾠθc)	 ﾠis	 ﾠrelated	 ﾠto	 ﾠ
both	 ﾠthe	 ﾠphysical	 ﾠshock	 ﾠof	 ﾠémigrés	 ﾠand	 ﾠthe	 ﾠincreased	 ﾠcompetition	 ﾠin	 ﾠthe	 ﾠglobal	 ﾠmarket	 ﾠfor	 ﾠ
ideas.	 ﾠWe	 ﾠestimated	 ﾠa	 ﾠsecond-ﾭ‐stage	 ﾠregression	 ﾠmodel	 ﾠof	 ﾠthe	 ﾠform:	 ﾠ
	 ﾠ
(10)	 ﾠ 	 ﾠ θc	 ﾠ=	 ﾠα0	 ﾠ+	 ﾠα1	 ﾠpc	 ﾠ+	 ﾠα2	 ﾠVc	 ﾠ+	 ﾠuc	 ﾠ,	 ﾠ
	 ﾠ
where	 ﾠpc	 ﾠis	 ﾠthe	 ﾠquality-ﾭ‐adjusted	 ﾠimmigrant	 ﾠshare,	 ﾠand	 ﾠVc	 ﾠis	 ﾠthe	 ﾠindex	 ﾠof	 ﾠconnectivity.	 ﾠThe	 ﾠ
regression	 ﾠis	 ﾠweighted	 ﾠby	 ﾠthe	 ﾠinverse	 ﾠof	 ﾠthe	 ﾠsampling	 ﾠvariance	 ﾠof	 ﾠthe	 ﾠdependent	 ﾠvariable.	 ﾠ	 ﾠ
	 ﾠ We	 ﾠestimated	 ﾠtwo	 ﾠalternative	 ﾠspecifications	 ﾠof	 ﾠequation	 ﾠ(10)	 ﾠto	 ﾠensure	 ﾠthat	 ﾠthe	 ﾠ
results	 ﾠare	 ﾠnot	 ﾠdriven	 ﾠby	 ﾠoutlying	 ﾠobservations.	 ﾠIn	 ﾠparticular,	 ﾠwe	 ﾠestimated	 ﾠthe	 ﾠregression	 ﾠ
using	 ﾠboth	 ﾠthe	 ﾠgroup	 ﾠof	 ﾠthe	 ﾠ10	 ﾠlargest	 ﾠcountries,	 ﾠas	 ﾠwell	 ﾠas	 ﾠthe	 ﾠentire	 ﾠgroup	 ﾠof	 ﾠ26	 ﾠcountries	 ﾠ
listed	 ﾠin	 ﾠTable	 ﾠIX.	 ﾠRegardless	 ﾠof	 ﾠthe	 ﾠspecification	 ﾠused,	 ﾠTable	 ﾠX	 ﾠshows	 ﾠthat	 ﾠinternational	 ﾠ
differences	 ﾠin	 ﾠthe	 ﾠproductivity	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠare	 ﾠstrongly	 ﾠand	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
57	 ﾠThe	 ﾠdata	 ﾠused	 ﾠto	 ﾠcalculate	 ﾠthe	 ﾠindex	 ﾠof	 ﾠconnectivity	 ﾠis	 ﾠthe	 ﾠfull	 ﾠISI	 ﾠlisting	 ﾠof	 ﾠall	 ﾠpublications	 ﾠin	 ﾠmathematics	 ﾠ
and	 ﾠrelated	 ﾠfields	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ1989.	 ﾠNote	 ﾠthat	 ﾠthese	 ﾠISI	 ﾠdata	 ﾠhave	 ﾠnot	 ﾠyet	 ﾠbeen	 ﾠmatched	 ﾠwith	 ﾠthe	 ﾠAMS	 ﾠ
database,	 ﾠso	 ﾠthat	 ﾠmissing	 ﾠpapers	 ﾠdue	 ﾠto	 ﾠmatching	 ﾠdifficulties	 ﾠare	 ﾠnot	 ﾠa	 ﾠproblem.	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negatively	 ﾠrelated	 ﾠto	 ﾠboth	 ﾠgeographic	 ﾠand	 ﾠidea	 ﾠcompetition.	 ﾠIn	 ﾠother	 ﾠwords,	 ﾠthe	 ﾠadverse	 ﾠ
effect	 ﾠof	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠon	 ﾠcompeting	 ﾠmathematicians	 ﾠin	 ﾠother	 ﾠcountries	 ﾠ
was	 ﾠlarger	 ﾠin	 ﾠcountries	 ﾠthat	 ﾠhad	 ﾠa	 ﾠlarge	 ﾠinflux	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠand	 ﾠin	 ﾠcountries	 ﾠwhere	 ﾠthe	 ﾠ
mathematicians	 ﾠtraditionally	 ﾠcompete	 ﾠin	 ﾠthe	 ﾠworldwide	 ﾠmarket	 ﾠfor	 ﾠjournal	 ﾠspace.	 ﾠ
It	 ﾠis	 ﾠalso	 ﾠinteresting	 ﾠto	 ﾠnote	 ﾠthat	 ﾠthe	 ﾠexplanatory	 ﾠpower	 ﾠof	 ﾠthe	 ﾠsecond-ﾭ‐stage	 ﾠ
regressions	 ﾠis	 ﾠquite	 ﾠhigh;	 ﾠthe	 ﾠR2	 ﾠis	 ﾠaround	 ﾠ0.8	 ﾠin	 ﾠthe	 ﾠregression	 ﾠthat	 ﾠuses	 ﾠthe	 ﾠ10	 ﾠcountries	 ﾠ
with	 ﾠthe	 ﾠlargest	 ﾠmathematics	 ﾠcommunities,	 ﾠand	 ﾠbetween	 ﾠ0.2	 ﾠto	 ﾠ0.4	 ﾠin	 ﾠthe	 ﾠfull	 ﾠset	 ﾠof	 ﾠ
countries.	 ﾠIt	 ﾠseems	 ﾠthat	 ﾠa	 ﾠgreat	 ﾠdeal	 ﾠof	 ﾠthe	 ﾠinternational	 ﾠvariation	 ﾠin	 ﾠthe	 ﾠproductivity	 ﾠimpact	 ﾠ
of	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠcan	 ﾠbe	 ﾠexplained	 ﾠby	 ﾠa	 ﾠsimple	 ﾠmodel	 ﾠthat	 ﾠstresses	 ﾠthe	 ﾠ
competition	 ﾠintroduced	 ﾠby	 ﾠboth	 ﾠadditional	 ﾠbodies	 ﾠand	 ﾠadditional	 ﾠtheorems.	 ﾠ
	 ﾠ
VII. Summary 
Knowledge	 ﾠproduction	 ﾠis	 ﾠa	 ﾠcentral	 ﾠingredient	 ﾠin	 ﾠany	 ﾠdiscussion	 ﾠof	 ﾠlong-ﾭ‐term	 ﾠ
economic	 ﾠgrowth.	 ﾠIt	 ﾠis	 ﾠwidely	 ﾠrecognized	 ﾠthat	 ﾠhuman	 ﾠcapital	 ﾠspillovers	 ﾠplay	 ﾠa	 ﾠfundamental	 ﾠ
role	 ﾠin	 ﾠthe	 ﾠknowledge	 ﾠproduction	 ﾠfunction:	 ﾠthe	 ﾠknowledge	 ﾠproduced	 ﾠby	 ﾠone	 ﾠresearcher	 ﾠis	 ﾠ
both	 ﾠan	 ﾠoutput	 ﾠand	 ﾠan	 ﾠinput	 ﾠinto	 ﾠanother	 ﾠresearcher’s	 ﾠproduction	 ﾠfunction.	 ﾠNot	 ﾠ
surprisingly,	 ﾠthere	 ﾠis	 ﾠa	 ﾠconsensus	 ﾠamong	 ﾠpolicy	 ﾠmakers	 ﾠthat	 ﾠincreases	 ﾠin	 ﾠthe	 ﾠsupply	 ﾠof	 ﾠa	 ﾠ
highly	 ﾠskilled	 ﾠworkforce	 ﾠwill	 ﾠincrease	 ﾠthe	 ﾠproductivity	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠworkforce,	 ﾠand	 ﾠ
lead	 ﾠto	 ﾠa	 ﾠsubstantial	 ﾠincrease	 ﾠin	 ﾠnational	 ﾠwealth.	 ﾠ
This	 ﾠpaper	 ﾠexamines	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠinflux	 ﾠof	 ﾠrenowned	 ﾠSoviet	 ﾠmathematicians	 ﾠ
into	 ﾠthe	 ﾠAmerican	 ﾠ(and	 ﾠglobal)	 ﾠmathematics	 ﾠcommunity	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠ
Union.	 ﾠIn	 ﾠthe	 ﾠperiod	 ﾠbetween	 ﾠthe	 ﾠestablishment	 ﾠand	 ﾠfall	 ﾠof	 ﾠcommunism,	 ﾠSoviet	 ﾠmathematics	 ﾠ
developed	 ﾠin	 ﾠan	 ﾠinsular	 ﾠfashion	 ﾠand	 ﾠalong	 ﾠdifferent	 ﾠspecializations	 ﾠthan	 ﾠAmerican	 ﾠ  54 
mathematics.	 ﾠAfter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion,	 ﾠover	 ﾠ1,000	 ﾠSoviet	 ﾠmathematicians	 ﾠ
(nearly	 ﾠa	 ﾠtenth	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠworkforce)	 ﾠmigrated	 ﾠto	 ﾠother	 ﾠcountries,	 ﾠwith	 ﾠabout	 ﾠ30	 ﾠ
percent	 ﾠsettling	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠsome	 ﾠfields	 ﾠin	 ﾠthe	 ﾠAmerican	 ﾠmathematics	 ﾠ
community	 ﾠexperienced	 ﾠa	 ﾠflood	 ﾠof	 ﾠnew	 ﾠmathematicians,	 ﾠtheorems,	 ﾠand	 ﾠideas,	 ﾠwhile	 ﾠother	 ﾠ
fields	 ﾠreceived	 ﾠfew	 ﾠSoviet	 ﾠmathematicians	 ﾠand	 ﾠgained	 ﾠfew	 ﾠpotential	 ﾠinsights.	 ﾠ	 ﾠ
We	 ﾠconstructed	 ﾠa	 ﾠdata	 ﾠset	 ﾠthat	 ﾠcontains	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠauthorship,	 ﾠsubject,	 ﾠand	 ﾠ
affiliation	 ﾠof	 ﾠall	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠmathematics	 ﾠover	 ﾠthe	 ﾠpast	 ﾠ70	 ﾠyears.	 ﾠThese	 ﾠdata	 ﾠallow	 ﾠ
us	 ﾠto	 ﾠdocument	 ﾠthe	 ﾠlocation,	 ﾠaffiliation,	 ﾠand	 ﾠcomplete	 ﾠpublication	 ﾠand	 ﾠcitation	 ﾠrecords	 ﾠof	 ﾠ
mathematicians	 ﾠwho	 ﾠwere	 ﾠactive	 ﾠin	 ﾠeither	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠor	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠfor	 ﾠthe	 ﾠpast	 ﾠ
few	 ﾠdecades.	 ﾠ
Our	 ﾠempirical	 ﾠanalysis	 ﾠunambiguously	 ﾠdocuments	 ﾠthat	 ﾠthe	 ﾠtypical	 ﾠAmerican	 ﾠ
mathematician	 ﾠwhose	 ﾠresearch	 ﾠagenda	 ﾠmost	 ﾠoverlapped	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets	 ﾠsuffered	 ﾠa	 ﾠ
reduction	 ﾠin	 ﾠproductivity	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠBased	 ﾠsolely	 ﾠon	 ﾠthe	 ﾠpre-ﾭ‐
1992	 ﾠage-ﾭ‐output	 ﾠprofile	 ﾠof	 ﾠAmerican	 ﾠmathematicians,	 ﾠwe	 ﾠfind	 ﾠthat	 ﾠthe	 ﾠactual	 ﾠpost-ﾭ‐1992	 ﾠ
output	 ﾠof	 ﾠmathematicians	 ﾠwhose	 ﾠwork	 ﾠmost	 ﾠoverlapped	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets	 ﾠand	 ﾠhence	 ﾠ
could	 ﾠhave	 ﾠbenefited	 ﾠmore	 ﾠfrom	 ﾠthe	 ﾠinflux	 ﾠof	 ﾠSoviet	 ﾠideas	 ﾠis	 ﾠfar	 ﾠbelow	 ﾠwhat	 ﾠwould	 ﾠhave	 ﾠ
been	 ﾠexpected.	 ﾠThe	 ﾠdata	 ﾠalso	 ﾠreveal	 ﾠthat	 ﾠthese	 ﾠAmerican	 ﾠmathematicians	 ﾠbecame	 ﾠmuch	 ﾠ
more	 ﾠlikely	 ﾠto	 ﾠswitch	 ﾠinstitutions;	 ﾠthat	 ﾠthe	 ﾠswitch	 ﾠentailed	 ﾠa	 ﾠmove	 ﾠto	 ﾠa	 ﾠlower	 ﾠquality	 ﾠ
institution;	 ﾠthat	 ﾠmany	 ﾠof	 ﾠthese	 ﾠAmerican	 ﾠmathematicians	 ﾠceased	 ﾠpublishing	 ﾠrelatively	 ﾠearly	 ﾠ
in	 ﾠtheir	 ﾠcareer;	 ﾠand	 ﾠthat	 ﾠthey	 ﾠbecame	 ﾠmuch	 ﾠless	 ﾠlikely	 ﾠto	 ﾠpublish	 ﾠa	 ﾠ“home	 ﾠrun”	 ﾠafter	 ﾠthe	 ﾠ
arrival	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠémigrés.	 ﾠAlthough	 ﾠtotal	 ﾠoutput	 ﾠdeclined	 ﾠfor	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠgroup	 ﾠof	 ﾠ
American	 ﾠmathematicians,	 ﾠthe	 ﾠgap	 ﾠwas	 ﾠ“filled	 ﾠin”	 ﾠby	 ﾠthe	 ﾠcontribution	 ﾠof	 ﾠSoviet	 ﾠémigrés.	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There	 ﾠis	 ﾠno	 ﾠevidence,	 ﾠhowever,	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠa	 ﾠsubstantial	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠ
American	 ﾠmathematics	 ﾠpie	 ﾠas	 ﾠa	 ﾠresult	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠinflux.	 ﾠ	 ﾠ
We	 ﾠalso	 ﾠexamined	 ﾠhow	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion—and	 ﾠthe	 ﾠsubsequent	 ﾠ
diaspora	 ﾠof	 ﾠSoviet	 ﾠmathematicians	 ﾠacross	 ﾠmany	 ﾠcountries—differentially	 ﾠaffected	 ﾠthe	 ﾠ
productivity	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠmathematicians	 ﾠin	 ﾠdifferent	 ﾠcountries.	 ﾠIt	 ﾠturns	 ﾠout	 ﾠthat	 ﾠboth	 ﾠ
competition	 ﾠin	 ﾠthe	 ﾠlocal	 ﾠjob	 ﾠmarket	 ﾠ(generated	 ﾠby	 ﾠan	 ﾠincrease	 ﾠin	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
mathematicians	 ﾠcompeting	 ﾠfor	 ﾠa	 ﾠrelatively	 ﾠfixed	 ﾠnumber	 ﾠof	 ﾠresearch	 ﾠjobs)	 ﾠand	 ﾠcompetition	 ﾠ
in	 ﾠthe	 ﾠinternational	 ﾠjournals	 ﾠmarket	 ﾠ(generated	 ﾠby	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠmany	 ﾠmathematicians	 ﾠ
compete	 ﾠfor	 ﾠspace	 ﾠin	 ﾠthe	 ﾠsame	 ﾠlimited	 ﾠset	 ﾠof	 ﾠjournals	 ﾠregardless	 ﾠof	 ﾠwhere	 ﾠthey	 ﾠreside)	 ﾠhelp	 ﾠ
to	 ﾠdetermine	 ﾠthe	 ﾠproductivity	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion.	 ﾠThe	 ﾠproductivity	 ﾠ
of	 ﾠthe	 ﾠmathematicians	 ﾠwhose	 ﾠpre-ﾭ‐1990	 ﾠwork	 ﾠmost	 ﾠoverlapped	 ﾠwith	 ﾠthat	 ﾠof	 ﾠthe	 ﾠSoviets	 ﾠ
declined	 ﾠmost	 ﾠwhen	 ﾠthe	 ﾠcountry	 ﾠreceived	 ﾠa	 ﾠrelatively	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠand	 ﾠ
when	 ﾠthat	 ﾠcountry	 ﾠwas	 ﾠstrongly	 ﾠinterconnected	 ﾠin	 ﾠthe	 ﾠjournals	 ﾠmarket	 ﾠwith	 ﾠother	 ﾠ
countries.	 ﾠ
Our	 ﾠempirical	 ﾠevidence	 ﾠdoes	 ﾠnot	 ﾠsupport	 ﾠthe	 ﾠconjecture	 ﾠthat	 ﾠthe	 ﾠSoviet	 ﾠinflux	 ﾠ
generated	 ﾠsubstantial	 ﾠpositive	 ﾠexternalities	 ﾠfor	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠmathematics	 ﾠworkforce.	 ﾠ
We	 ﾠdo	 ﾠnot	 ﾠbelieve	 ﾠthis	 ﾠfinding	 ﾠarises	 ﾠbecause	 ﾠAmerican	 ﾠmathematicians	 ﾠdid	 ﾠnot	 ﾠgain	 ﾠnew	 ﾠ
ideas	 ﾠfrom	 ﾠthe	 ﾠSoviet	 ﾠinflux.	 ﾠRather,	 ﾠwe	 ﾠinterpret	 ﾠthe	 ﾠevidence	 ﾠas	 ﾠsuggesting	 ﾠthat	 ﾠthere	 ﾠmay	 ﾠ
be	 ﾠsurprisingly	 ﾠresilient	 ﾠconstraints	 ﾠthat	 ﾠcan	 ﾠcounteract	 ﾠthese	 ﾠgains.	 ﾠWe	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠ
some	 ﾠof	 ﾠthese	 ﾠconstraints	 ﾠexist	 ﾠin	 ﾠthe	 ﾠjob	 ﾠmarket	 ﾠand	 ﾠsome	 ﾠof	 ﾠthe	 ﾠconstraints	 ﾠexist	 ﾠin	 ﾠthe	 ﾠ
market	 ﾠfor	 ﾠtheorems.	 ﾠ
There	 ﾠmay	 ﾠeven	 ﾠbe	 ﾠadditional	 ﾠconstraints	 ﾠthat	 ﾠare	 ﾠmore	 ﾠfundamental	 ﾠin	 ﾠknowledge	 ﾠ
production.	 ﾠNew	 ﾠresearch	 ﾠcan	 ﾠonly	 ﾠbe	 ﾠassimilated	 ﾠinto	 ﾠthe	 ﾠexisting	 ﾠbody	 ﾠof	 ﾠknowledge	 ﾠif	 ﾠ  56 
prominent	 ﾠresearchers	 ﾠat	 ﾠthe	 ﾠfrontier	 ﾠof	 ﾠa	 ﾠfield	 ﾠallocate	 ﾠtheir	 ﾠlimited	 ﾠtime	 ﾠand	 ﾠeffort	 ﾠto	 ﾠdo	 ﾠ
so.	 ﾠAs	 ﾠa	 ﾠresult,	 ﾠeven	 ﾠin	 ﾠa	 ﾠworld	 ﾠwith	 ﾠnonrival	 ﾠideas,	 ﾠscarcity	 ﾠof	 ﾠresources	 ﾠand	 ﾠdiminishing	 ﾠ
marginal	 ﾠproductivity	 ﾠmay	 ﾠcome	 ﾠinto	 ﾠplay.	 ﾠ
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Supplementary Data Appendix 
	 ﾠ
	 ﾠ Our	 ﾠanalysis	 ﾠuses	 ﾠdata	 ﾠdrawn	 ﾠfrom	 ﾠthree	 ﾠdistinct	 ﾠdatabases:	 ﾠthe	 ﾠuniverse	 ﾠof	 ﾠ
publications	 ﾠin	 ﾠmathematics	 ﾠas	 ﾠarchived	 ﾠby	 ﾠthe	 ﾠAmerican	 ﾠMathematical	 ﾠSociety	 ﾠ(AMS)	 ﾠ
Mathematical	 ﾠReviews,	 ﾠthe	 ﾠThomson	 ﾠReuters’	 ﾠISI	 ﾠWeb	 ﾠof	 ﾠScience	 ﾠarchive,	 ﾠand	 ﾠthe	 ﾠ
Mathematical	 ﾠGenealogy	 ﾠProject	 ﾠ(MGP)	 ﾠdata	 ﾠthat	 ﾠlinks	 ﾠnew	 ﾠdoctoral	 ﾠdegrees	 ﾠgranted	 ﾠin	 ﾠ
mathematics	 ﾠto	 ﾠtheir	 ﾠdoctoral	 ﾠadvisors.	 ﾠ
	 ﾠ
1.	 ﾠAMS	 ﾠMathematical	 ﾠReviews	 ﾠ
AMS	 ﾠMathematical	 ﾠReviews	 ﾠrecords	 ﾠthe	 ﾠtitles,	 ﾠpublication	 ﾠsources,	 ﾠauthor	 ﾠnames,	 ﾠ
references,	 ﾠand	 ﾠcitations	 ﾠof	 ﾠover	 ﾠ2	 ﾠmillion	 ﾠarticles	 ﾠfrom	 ﾠ2,764	 ﾠdifferent	 ﾠjournals	 ﾠand	 ﾠ
publication	 ﾠsources	 ﾠworldwide.	 ﾠThe	 ﾠAMS	 ﾠteam	 ﾠ(located	 ﾠin	 ﾠAnn	 ﾠArbor,	 ﾠMI)	 ﾠpainstakingly	 ﾠ
assigns	 ﾠthe	 ﾠcorrect	 ﾠset	 ﾠof	 ﾠarticles	 ﾠto	 ﾠeach	 ﾠperson	 ﾠ(even	 ﾠin	 ﾠdifficult	 ﾠcases	 ﾠsuch	 ﾠas	 ﾠidentical	 ﾠ
names),	 ﾠtagging	 ﾠeach	 ﾠauthor	 ﾠwith	 ﾠa	 ﾠunique	 ﾠauthor	 ﾠidentifier.	 ﾠThe	 ﾠeditors	 ﾠof	 ﾠMathematical	 ﾠ
Reviews	 ﾠalso	 ﾠrecord	 ﾠsubject	 ﾠclassification	 ﾠcodes	 ﾠfor	 ﾠeach	 ﾠpaper	 ﾠin	 ﾠits	 ﾠdatabase:	 ﾠ64	 ﾠsubfields	 ﾠ
defined	 ﾠaccording	 ﾠto	 ﾠthe	 ﾠ2-ﾭ‐digit	 ﾠ2010	 ﾠMathematics	 ﾠSubject	 ﾠClassification	 ﾠ(MSC2010),	 ﾠ104	 ﾠ
subfields	 ﾠ(3-ﾭ‐digit	 ﾠMSC),	 ﾠor	 ﾠ610	 ﾠsubfields	 ﾠ(5-ﾭ‐digit	 ﾠMSC).	 ﾠWe	 ﾠuse	 ﾠthe	 ﾠ2-ﾭ‐digit	 ﾠcoding	 ﾠ
throughout.	 ﾠBeginning	 ﾠin	 ﾠthe	 ﾠearly	 ﾠ1980s,	 ﾠthe	 ﾠarchival	 ﾠrecord	 ﾠof	 ﾠeach	 ﾠpublished	 ﾠpaper	 ﾠ
provides	 ﾠinformation	 ﾠnot	 ﾠonly	 ﾠon	 ﾠthe	 ﾠauthor	 ﾠand	 ﾠthe	 ﾠfield	 ﾠof	 ﾠthe	 ﾠpaper,	 ﾠbut	 ﾠalso	 ﾠon	 ﾠthe	 ﾠ
author’s	 ﾠaffiliation	 ﾠat	 ﾠthe	 ﾠtime	 ﾠthe	 ﾠpaper	 ﾠwas	 ﾠpublished.	 ﾠThis	 ﾠinstitutional	 ﾠinformation,	 ﾠ
however,	 ﾠis	 ﾠrelatively	 ﾠcomplete	 ﾠonly	 ﾠfor	 ﾠpapers	 ﾠpublished	 ﾠsince	 ﾠ1984.	 ﾠ
The	 ﾠAMS	 ﾠprovided	 ﾠus	 ﾠwith	 ﾠa	 ﾠspreadsheet	 ﾠcontaining	 ﾠthe	 ﾠpublication	 ﾠhistory	 ﾠof	 ﾠall	 ﾠ
mathematicians	 ﾠsince	 ﾠ1939.	 ﾠA	 ﾠrow	 ﾠin	 ﾠthis	 ﾠspreadsheet	 ﾠdefines	 ﾠa	 ﾠparticular	 ﾠpermutation	 ﾠof	 ﾠ
author	 ﾠ(i),	 ﾠfield	 ﾠ(j),	 ﾠand	 ﾠyear	 ﾠ(t).	 ﾠFor	 ﾠeach	 ﾠ(i,	 ﾠj,	 ﾠt)	 ﾠrow	 ﾠwe	 ﾠhave	 ﾠinformation	 ﾠon:	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
papers	 ﾠpublished,	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠthose	 ﾠpapers	 ﾠas	 ﾠof	 ﾠ2011;	 ﾠthe	 ﾠ
institutional	 ﾠaffiliation(s)	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠpapers	 ﾠin	 ﾠthat	 ﾠrow;	 ﾠand	 ﾠthe	 ﾠ(country)	 ﾠlocation	 ﾠ
of	 ﾠthe	 ﾠaffiliation(s).	 ﾠ
Although	 ﾠthe	 ﾠcount	 ﾠof	 ﾠpublished	 ﾠpapers	 ﾠin	 ﾠthese	 ﾠdata	 ﾠis	 ﾠcomplete,	 ﾠthe	 ﾠcitation	 ﾠ
information	 ﾠis	 ﾠnot.	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠAMS	 ﾠdatabase	 ﾠonly	 ﾠreports	 ﾠthe	 ﾠcitations	 ﾠthat	 ﾠa	 ﾠpaper	 ﾠ
has	 ﾠreceived	 ﾠafter	 ﾠ2000	 ﾠ(regardless	 ﾠof	 ﾠwhen	 ﾠthe	 ﾠpaper	 ﾠwas	 ﾠpublished).	 ﾠIn	 ﾠaddition,	 ﾠthe	 ﾠ
citation	 ﾠcount	 ﾠis	 ﾠbased	 ﾠon	 ﾠreferences	 ﾠmade	 ﾠto	 ﾠa	 ﾠpaper	 ﾠin	 ﾠa	 ﾠlimited	 ﾠlist	 ﾠof	 ﾠjournals	 ﾠ(chosen	 ﾠby	 ﾠ
the	 ﾠAMS).	 ﾠ
	 ﾠ
2.	 ﾠThomson	 ﾠReuters’	 ﾠISI	 ﾠWeb	 ﾠof	 ﾠScience	 ﾠ	 ﾠ
The	 ﾠISI	 ﾠWeb	 ﾠof	 ﾠScience	 ﾠrecords	 ﾠthe	 ﾠtitles,	 ﾠpublication	 ﾠsource,	 ﾠauthor	 ﾠnames,	 ﾠ
references,	 ﾠand	 ﾠcitations	 ﾠof	 ﾠmillions	 ﾠof	 ﾠarticles	 ﾠfrom	 ﾠthousands	 ﾠof	 ﾠjournals	 ﾠworldwide.	 ﾠFor	 ﾠ
many	 ﾠarticles	 ﾠ(especially	 ﾠafter	 ﾠ1978),	 ﾠthe	 ﾠdatabase	 ﾠrecords	 ﾠresearch	 ﾠaddresses	 ﾠand	 ﾠreprint	 ﾠ
addresses	 ﾠfor	 ﾠeach	 ﾠauthor,	 ﾠas	 ﾠwell	 ﾠas	 ﾠabstracts,	 ﾠkeywords,	 ﾠand	 ﾠfunding	 ﾠinformation.	 ﾠ
Most	 ﾠimportant,	 ﾠthe	 ﾠdatabase	 ﾠcontains	 ﾠcomplete	 ﾠcitation	 ﾠinformation	 ﾠfor	 ﾠeach	 ﾠarticle	 ﾠ
in	 ﾠa	 ﾠprimary	 ﾠset	 ﾠof	 ﾠ7,621	 ﾠjournals,	 ﾠselected	 ﾠto	 ﾠinclude	 ﾠall	 ﾠof	 ﾠthe	 ﾠmost	 ﾠimportant	 ﾠjournals	 ﾠin	 ﾠ
each	 ﾠfield.	 ﾠArticles	 ﾠin	 ﾠmarginal	 ﾠjournals	 ﾠalso	 ﾠappear	 ﾠin	 ﾠthe	 ﾠdatabase	 ﾠif	 ﾠthey	 ﾠeither	 ﾠcite	 ﾠan	 ﾠ
article	 ﾠin	 ﾠthe	 ﾠprimary	 ﾠdatabase	 ﾠor	 ﾠare	 ﾠcited	 ﾠby	 ﾠsuch	 ﾠan	 ﾠarticle.	 ﾠThus,	 ﾠthe	 ﾠISI	 ﾠWeb	 ﾠof	 ﾠScience	 ﾠ
citation	 ﾠdatabase	 ﾠonly	 ﾠmisses	 ﾠarticles	 ﾠthat	 ﾠare	 ﾠnot	 ﾠin	 ﾠimportant	 ﾠjournals,	 ﾠare	 ﾠnot	 ﾠcited	 ﾠby	 ﾠ
any	 ﾠarticles	 ﾠin	 ﾠimportant	 ﾠjournals,	 ﾠand	 ﾠdo	 ﾠnot	 ﾠthemselves	 ﾠeven	 ﾠcite	 ﾠany	 ﾠarticles	 ﾠin	 ﾠ
important	 ﾠjournals.	 ﾠThis	 ﾠmeans	 ﾠthe	 ﾠcitation-ﾭ‐adjusted	 ﾠweight	 ﾠof	 ﾠany	 ﾠmissed	 ﾠarticles	 ﾠmust	 ﾠbe	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very	 ﾠsmall,	 ﾠespecially	 ﾠsince	 ﾠISI	 ﾠadds	 ﾠimportant	 ﾠjournals	 ﾠto	 ﾠits	 ﾠmain	 ﾠdatabase	 ﾠby	 ﾠsubfields,	 ﾠso	 ﾠ
even	 ﾠmarginal	 ﾠsubfields	 ﾠlikely	 ﾠhave	 ﾠthe	 ﾠmain	 ﾠfield	 ﾠjournals	 ﾠrepresented.	 ﾠ
We	 ﾠpurchased	 ﾠthe	 ﾠrecords	 ﾠof	 ﾠall	 ﾠ1,179,787	 ﾠarticles	 ﾠin	 ﾠthe	 ﾠprimary	 ﾠISI	 ﾠWeb	 ﾠof	 ﾠScience	 ﾠ
database	 ﾠbetween	 ﾠ1970	 ﾠand	 ﾠ2009	 ﾠfor	 ﾠthe	 ﾠfollowing	 ﾠcategories:	 ﾠMathematics,	 ﾠApplied	 ﾠ
Mathematics,	 ﾠInterdisciplinary	 ﾠApplications	 ﾠof	 ﾠMathematics,	 ﾠMathematical	 ﾠPhysics,	 ﾠand	 ﾠ
Statistics	 ﾠ&	 ﾠProbability.	 ﾠWe	 ﾠalso	 ﾠpurchased	 ﾠthe	 ﾠrecords	 ﾠof	 ﾠall	 ﾠ1,921,587	 ﾠarticles	 ﾠreferenced	 ﾠ
by	 ﾠthese	 ﾠmain	 ﾠarticles,	 ﾠand	 ﾠthe	 ﾠ2,368,123	 ﾠpapers	 ﾠthat	 ﾠcite	 ﾠthese	 ﾠmain	 ﾠarticles.	 ﾠNot	 ﾠcounting	 ﾠ
overlaps	 ﾠin	 ﾠthese	 ﾠthree	 ﾠcategories,	 ﾠthis	 ﾠamounted	 ﾠto	 ﾠ3,586,834	 ﾠarticles	 ﾠin	 ﾠMathematics	 ﾠand	 ﾠ
related	 ﾠfields.	 ﾠFor	 ﾠthe	 ﾠreasons	 ﾠmentioned	 ﾠearlier,	 ﾠour	 ﾠISI	 ﾠdatabase	 ﾠis	 ﾠa	 ﾠrelatively	 ﾠcomplete	 ﾠ
record	 ﾠof	 ﾠall	 ﾠcitations	 ﾠin	 ﾠmathematics	 ﾠand	 ﾠrelated	 ﾠfields	 ﾠfrom	 ﾠ1970	 ﾠuntil	 ﾠ2009.	 ﾠ
We	 ﾠobtained	 ﾠspecial	 ﾠpermission	 ﾠfrom	 ﾠthe	 ﾠAMS	 ﾠto	 ﾠmerge	 ﾠour	 ﾠISI	 ﾠpapers	 ﾠby	 ﾠtitle,	 ﾠ
source,	 ﾠand	 ﾠauthor	 ﾠwith	 ﾠthe	 ﾠAMS	 ﾠdatabase.	 ﾠThe	 ﾠAMS	 ﾠset	 ﾠup	 ﾠtheir	 ﾠown	 ﾠmerging	 ﾠsite	 ﾠon	 ﾠa	 ﾠ
mirror	 ﾠin	 ﾠGermany,	 ﾠand	 ﾠwe	 ﾠdeveloped	 ﾠsoftware	 ﾠto	 ﾠrepeatedly	 ﾠquery	 ﾠthis	 ﾠmirror	 ﾠwith	 ﾠ
papers	 ﾠfrom	 ﾠthe	 ﾠISI	 ﾠWeb	 ﾠof	 ﾠScience	 ﾠdatabase.	 ﾠWe	 ﾠobtained	 ﾠ882,088	 ﾠmatches	 ﾠout	 ﾠof	 ﾠthe	 ﾠ
1,753,148	 ﾠjournal	 ﾠarticles	 ﾠin	 ﾠthe	 ﾠAMS	 ﾠdatabase,	 ﾠor	 ﾠjust	 ﾠslightly	 ﾠover	 ﾠa	 ﾠ50	 ﾠpercent	 ﾠmatch	 ﾠ
rate.	 ﾠThe	 ﾠmerging	 ﾠallows	 ﾠus	 ﾠto	 ﾠallocate	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠto	 ﾠa	 ﾠpaper	 ﾠin	 ﾠthe	 ﾠISI	 ﾠ
database	 ﾠto	 ﾠthe	 ﾠmatched	 ﾠpaper	 ﾠin	 ﾠthe	 ﾠAMS	 ﾠdatabase.	 ﾠIn	 ﾠaddition,	 ﾠthe	 ﾠmatch	 ﾠalso	 ﾠallows	 ﾠus	 ﾠto	 ﾠ
obtain	 ﾠthe	 ﾠlocation	 ﾠand	 ﾠinstitutional	 ﾠinformation	 ﾠfor	 ﾠadditional	 ﾠpapers.	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠ
AMS	 ﾠdatabase	 ﾠreports	 ﾠlocation	 ﾠinformation	 ﾠon	 ﾠa	 ﾠsystematic	 ﾠbasis	 ﾠbeginning	 ﾠin	 ﾠ1984,	 ﾠwhile	 ﾠ
the	 ﾠISI	 ﾠdatabase	 ﾠprovides	 ﾠthe	 ﾠsame	 ﾠinformation	 ﾠroughly	 ﾠsince	 ﾠ1978.	 ﾠ
	 ﾠ
3.	 ﾠMathematics	 ﾠGenealogy	 ﾠProject	 ﾠ(MGP)	 ﾠ
For	 ﾠdoctoral	 ﾠdegrees	 ﾠawarded	 ﾠin	 ﾠmathematics	 ﾠ(since	 ﾠthe	 ﾠ14th	 ﾠcentury),	 ﾠthe	 ﾠMGP	 ﾠ
database	 ﾠreports	 ﾠthe	 ﾠname	 ﾠof	 ﾠthe	 ﾠdegree	 ﾠrecipient,	 ﾠthe	 ﾠname	 ﾠof	 ﾠthe	 ﾠdoctoral	 ﾠadvisor,	 ﾠthe	 ﾠ
year	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠdegree	 ﾠwas	 ﾠcompleted,	 ﾠand	 ﾠthe	 ﾠname	 ﾠof	 ﾠthe	 ﾠinstitution	 ﾠgranting	 ﾠthe	 ﾠ
degree.	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠthese	 ﾠdata,	 ﾠthe	 ﾠMGP	 ﾠalso	 ﾠprovided	 ﾠus	 ﾠwith	 ﾠeach	 ﾠadvisor’s	 ﾠand	 ﾠ
student’s	 ﾠAMS	 ﾠunique	 ﾠauthor	 ﾠidentifier.	 ﾠThe	 ﾠidentifier	 ﾠallows	 ﾠus	 ﾠto	 ﾠmerge	 ﾠMGP	 ﾠdatabase	 ﾠ
with	 ﾠthe	 ﾠAMS/ISI	 ﾠdatabases,	 ﾠand	 ﾠobtain	 ﾠall	 ﾠthe	 ﾠavailable	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠpublication	 ﾠand	 ﾠ
citation	 ﾠrecords	 ﾠof	 ﾠboth	 ﾠstudents	 ﾠand	 ﾠadvisors.	 ﾠThe	 ﾠunique	 ﾠAMS	 ﾠidentifiers	 ﾠare	 ﾠavailable	 ﾠfor	 ﾠ
about	 ﾠ65	 ﾠpercent	 ﾠof	 ﾠdegrees	 ﾠawarded	 ﾠsince	 ﾠ1960.	 ﾠ
	 ﾠ
4.	 ﾠConstruction	 ﾠof	 ﾠthe	 ﾠsample	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠmathematicians	 ﾠ
	 ﾠ We	 ﾠfocus	 ﾠon	 ﾠa	 ﾠsample	 ﾠof	 ﾠmathematicians	 ﾠwhose	 ﾠfirst	 ﾠpublished	 ﾠpaper	 ﾠoccurred	 ﾠon	 ﾠor	 ﾠ
after	 ﾠ1940,	 ﾠwho	 ﾠhave	 ﾠfewer	 ﾠthan	 ﾠ60	 ﾠyears	 ﾠof	 ﾠ“experience”	 ﾠ(defined	 ﾠas	 ﾠcurrent	 ﾠyear	 ﾠminus	 ﾠ
the	 ﾠyear	 ﾠof	 ﾠfirst	 ﾠpublication),	 ﾠand	 ﾠwho	 ﾠwere	 ﾠmathematically	 ﾠactive	 ﾠprior	 ﾠto	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠ
the	 ﾠSoviet	 ﾠUnion	 ﾠ(defined	 ﾠas	 ﾠhaving	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠbetween	 ﾠ1970	 ﾠand	 ﾠ1989).	 ﾠ
The	 ﾠdatabase	 ﾠprovided	 ﾠto	 ﾠus	 ﾠby	 ﾠthe	 ﾠAMS	 ﾠreports	 ﾠthe	 ﾠmathematician’s	 ﾠinstitutional	 ﾠ
affiliation	 ﾠand	 ﾠlocation	 ﾠfor	 ﾠany	 ﾠyear	 ﾠthat	 ﾠthe	 ﾠmathematician	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper.	 ﾠ
We	 ﾠused	 ﾠthe	 ﾠAMS	 ﾠdata	 ﾠto	 ﾠidentify	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠtimes	 ﾠthat	 ﾠthe	 ﾠreported	 ﾠinstitutional	 ﾠ
affiliation	 ﾠprior	 ﾠto	 ﾠ1989	 ﾠwas	 ﾠlocated	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠThe	 ﾠAMS	 ﾠdatabase,	 ﾠhowever,	 ﾠonly	 ﾠ
began	 ﾠto	 ﾠsystematically	 ﾠcollect	 ﾠthe	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠaffiliation	 ﾠassociated	 ﾠwith	 ﾠany	 ﾠgiven	 ﾠ
publication	 ﾠaround	 ﾠ1984.	 ﾠWe	 ﾠsupplement	 ﾠthe	 ﾠAMS	 ﾠdata	 ﾠby	 ﾠusing	 ﾠboth	 ﾠthe	 ﾠISI	 ﾠand	 ﾠthe	 ﾠMGP	 ﾠ
data	 ﾠto	 ﾠdefine	 ﾠthe	 ﾠsample	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠmathematicians.	 ﾠAs	 ﾠnoted	 ﾠabove,	 ﾠthe	 ﾠ
ISI	 ﾠdata	 ﾠcontains	 ﾠaffiliation	 ﾠand	 ﾠlocation	 ﾠinformation	 ﾠfor	 ﾠmany	 ﾠother	 ﾠpublished	 ﾠpapers	 ﾠ
between	 ﾠ1978	 ﾠand	 ﾠ1983.	 ﾠWe	 ﾠinclude	 ﾠthis	 ﾠlocation	 ﾠinformation	 ﾠin	 ﾠthe	 ﾠtime	 ﾠseries	 ﾠdata	 ﾠfor	 ﾠ
any	 ﾠgiven	 ﾠmathematician	 ﾠif	 ﾠthe	 ﾠequivalent	 ﾠdata	 ﾠare	 ﾠnot	 ﾠavailable	 ﾠin	 ﾠthe	 ﾠAMS.	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The	 ﾠaffiliation/location	 ﾠinformation	 ﾠare	 ﾠsometimes	 ﾠmissing	 ﾠin	 ﾠboth	 ﾠthe	 ﾠAMS	 ﾠand	 ﾠISI	 ﾠ
databases	 ﾠ(even	 ﾠthough	 ﾠthe	 ﾠauthor	 ﾠhas	 ﾠpublished	 ﾠa	 ﾠpaper	 ﾠin	 ﾠa	 ﾠparticular	 ﾠyear).	 ﾠIn	 ﾠdefining	 ﾠ
the	 ﾠrelative	 ﾠnumber	 ﾠof	 ﾠtimes	 ﾠthat	 ﾠan	 ﾠauthor	 ﾠuses	 ﾠan	 ﾠAmerican	 ﾠaffiliation,	 ﾠwe	 ﾠonly	 ﾠinclude	 ﾠ
years	 ﾠin	 ﾠwhich	 ﾠthe	 ﾠlocation	 ﾠinformation	 ﾠis	 ﾠavailable.	 ﾠ
Finally,	 ﾠthe	 ﾠMGP	 ﾠdatabase	 ﾠreports	 ﾠthe	 ﾠinstitution	 ﾠwhere	 ﾠthe	 ﾠmathematician	 ﾠreceived	 ﾠ
the	 ﾠdoctoral	 ﾠdegree.	 ﾠA	 ﾠmathematician	 ﾠis	 ﾠthen	 ﾠclassified	 ﾠas	 ﾠ“predominantly	 ﾠAmerican”	 ﾠif	 ﾠthe	 ﾠ
AMS/ISI	 ﾠlocation	 ﾠdata	 ﾠindicate	 ﾠthat	 ﾠmore	 ﾠthan	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠaffiliations	 ﾠof	 ﾠpublication	 ﾠprior	 ﾠto	 ﾠ
1989	 ﾠwere	 ﾠlocated	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠIf	 ﾠthe	 ﾠpooled	 ﾠAMS/ISI	 ﾠdata	 ﾠdo	 ﾠnot	 ﾠprovide	 ﾠany	 ﾠ
information	 ﾠon	 ﾠthe	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠmathematician	 ﾠprior	 ﾠto	 ﾠ1989,	 ﾠwe	 ﾠassume	 ﾠthat	 ﾠa	 ﾠ
mathematician	 ﾠwho	 ﾠreceived	 ﾠa	 ﾠdoctoral	 ﾠdegree	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠbetween	 ﾠ1950	 ﾠand	 ﾠ
1977	 ﾠis	 ﾠaffiliated	 ﾠwith	 ﾠan	 ﾠAmerican	 ﾠinstitution	 ﾠand	 ﾠhe,	 ﾠtoo,	 ﾠis	 ﾠclassified	 ﾠas	 ﾠpredominantly	 ﾠ
American.	 ﾠ
	 ﾠ
5.	 ﾠConstruction	 ﾠof	 ﾠother	 ﾠsamples	 ﾠof	 ﾠmathematicians	 ﾠ
	 ﾠ The	 ﾠconstruction	 ﾠof	 ﾠthe	 ﾠsample	 ﾠof	 ﾠSoviet	 ﾠmathematicians	 ﾠand	 ﾠSoviet	 ﾠémigrés	 ﾠis	 ﾠ
analogous	 ﾠto	 ﾠthat	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠmathematicians.	 ﾠTo	 ﾠthe	 ﾠextent	 ﾠpossible,	 ﾠwe	 ﾠ
use	 ﾠthe	 ﾠAMS	 ﾠdata	 ﾠto	 ﾠdetermine	 ﾠthe	 ﾠlocation	 ﾠof	 ﾠa	 ﾠmathematician	 ﾠprior	 ﾠto	 ﾠ1989,	 ﾠsupplement	 ﾠ
these	 ﾠdata	 ﾠwith	 ﾠlocation	 ﾠinformation	 ﾠfrom	 ﾠthe	 ﾠISI	 ﾠdatabase	 ﾠfor	 ﾠthe	 ﾠ1978-ﾭ‐1983	 ﾠperiod,	 ﾠand	 ﾠ
further	 ﾠsupplement	 ﾠthe	 ﾠdata	 ﾠwith	 ﾠinformation	 ﾠon	 ﾠthe	 ﾠinstitution	 ﾠfrom	 ﾠwhich	 ﾠthe	 ﾠ
mathematician	 ﾠreceived	 ﾠthe	 ﾠdoctoral	 ﾠdegree.	 ﾠThe	 ﾠuniverse	 ﾠof	 ﾠactive	 ﾠSoviet	 ﾠmathematicians	 ﾠ
as	 ﾠof	 ﾠ1989	 ﾠis	 ﾠdefined	 ﾠas	 ﾠthe	 ﾠsample	 ﾠof	 ﾠpersons	 ﾠwho:	 ﾠ(a)	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠ
between	 ﾠ1970	 ﾠand	 ﾠ1989;	 ﾠand	 ﾠ(b)	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠhalf	 ﾠof	 ﾠthe	 ﾠpre-ﾭ‐1989	 ﾠpapers	 ﾠusing	 ﾠa	 ﾠ
Soviet	 ﾠaffiliation,	 ﾠor,	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠany	 ﾠlocation	 ﾠinformation	 ﾠfrom	 ﾠthe	 ﾠAMS/ISI	 ﾠdata,	 ﾠ
received	 ﾠhis	 ﾠor	 ﾠher	 ﾠdoctoral	 ﾠdegree	 ﾠfrom	 ﾠa	 ﾠSoviet	 ﾠinstitution	 ﾠafter	 ﾠ1950.	 ﾠ	 ﾠ
To	 ﾠdetermine	 ﾠthe	 ﾠ“émigré”	 ﾠstatus	 ﾠof	 ﾠa	 ﾠSoviet	 ﾠmathematician,	 ﾠwe	 ﾠmust	 ﾠobserve	 ﾠthe	 ﾠ
mathematician	 ﾠpublishing	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ2008.	 ﾠA	 ﾠSoviet	 ﾠ
mathematician	 ﾠis	 ﾠan	 ﾠémigré	 ﾠif	 ﾠthe	 ﾠmodal	 ﾠaffiliation	 ﾠof	 ﾠpublication	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ2008	 ﾠ
is	 ﾠlocated	 ﾠoutside	 ﾠthe	 ﾠgeographic	 ﾠboundaries	 ﾠof	 ﾠthe	 ﾠformer	 ﾠSoviet	 ﾠUnion	 ﾠand	 ﾠis	 ﾠa	 ﾠvalid	 ﾠ
country	 ﾠcode	 ﾠin	 ﾠthe	 ﾠsense	 ﾠthat	 ﾠit	 ﾠprovides	 ﾠan	 ﾠactual	 ﾠlocation	 ﾠfor	 ﾠan	 ﾠinstitution.	 ﾠThe	 ﾠcountry	 ﾠ
of	 ﾠdestination	 ﾠfor	 ﾠthe	 ﾠSoviet	 ﾠémigré	 ﾠis	 ﾠdefined	 ﾠin	 ﾠterms	 ﾠof	 ﾠthe	 ﾠmodal	 ﾠaffiliation	 ﾠused	 ﾠby	 ﾠthe	 ﾠ
mathematician	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ2008.	 ﾠ
	 ﾠ Finally,	 ﾠthe	 ﾠstudy	 ﾠof	 ﾠinternational	 ﾠdifferences	 ﾠdefines	 ﾠa	 ﾠsample	 ﾠof	 ﾠpre-ﾭ‐existing	 ﾠ
mathematicians	 ﾠfor	 ﾠeach	 ﾠof	 ﾠ26	 ﾠcountries.	 ﾠWe	 ﾠuse	 ﾠthe	 ﾠaffiliation	 ﾠdata	 ﾠavailable	 ﾠin	 ﾠthe	 ﾠAMS	 ﾠ
beginning	 ﾠin	 ﾠ1984	 ﾠto	 ﾠclassify	 ﾠthe	 ﾠmathematicians	 ﾠinto	 ﾠthe	 ﾠvarious	 ﾠcountries.	 ﾠAn	 ﾠactive	 ﾠpre-ﾭ‐
existing	 ﾠmathematician	 ﾠin	 ﾠcountry	 ﾠc	 ﾠis	 ﾠsomeone	 ﾠwho	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠbetween	 ﾠ
1984	 ﾠand	 ﾠ1989,	 ﾠand	 ﾠwhose	 ﾠmodal	 ﾠaffiliation	 ﾠin	 ﾠthat	 ﾠperiod	 ﾠwas	 ﾠlocated	 ﾠin	 ﾠthat	 ﾠcountry.	 ﾠ
	 ﾠ
6.	 ﾠConstruction	 ﾠof	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ“home	 ﾠruns”	 ﾠ
	 ﾠ To	 ﾠestimate	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠhome	 ﾠruns	 ﾠpublished	 ﾠby	 ﾠeach	 ﾠAmerican	 ﾠmathematician	 ﾠ
in	 ﾠeach	 ﾠyear,	 ﾠwe	 ﾠfirst	 ﾠcalculate	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠworldwide	 ﾠlifetime	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠ
each	 ﾠarticle	 ﾠin	 ﾠthe	 ﾠISI	 ﾠdatabase	 ﾠthat	 ﾠhas	 ﾠbeen	 ﾠsuccessfully	 ﾠmatched	 ﾠto	 ﾠthe	 ﾠAMS	 ﾠdatabase.	 ﾠ
Note	 ﾠthat	 ﾠthese	 ﾠlifetime	 ﾠcitations	 ﾠare	 ﾠcomplete	 ﾠfor	 ﾠthose	 ﾠarticles	 ﾠthat	 ﾠwere	 ﾠpublished	 ﾠin	 ﾠthe	 ﾠ
base	 ﾠset	 ﾠof	 ﾠjournals	 ﾠfully	 ﾠcovered	 ﾠby	 ﾠISI;	 ﾠfor	 ﾠarticles	 ﾠthat	 ﾠcite	 ﾠthese	 ﾠjournals	 ﾠand	 ﾠare	 ﾠcited	 ﾠby	 ﾠ
these	 ﾠjournals,	 ﾠthe	 ﾠlifetime	 ﾠcitations	 ﾠonly	 ﾠinclude	 ﾠcitations	 ﾠmade	 ﾠby	 ﾠarticles	 ﾠin	 ﾠthe	 ﾠbase	 ﾠset	 ﾠ
of	 ﾠjournals.	 ﾠWe	 ﾠthen	 ﾠused	 ﾠthese	 ﾠdata	 ﾠto	 ﾠcalculate	 ﾠthe	 ﾠ90th	 ﾠpercentile,	 ﾠ95th	 ﾠpercentile,	 ﾠand	 ﾠ
99th	 ﾠpercentile	 ﾠthresholds	 ﾠof	 ﾠthe	 ﾠlifetime	 ﾠcitations	 ﾠdistribution	 ﾠfor	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠeach	 ﾠ  60 
year.	 ﾠWe	 ﾠuse	 ﾠthe	 ﾠmatched	 ﾠAMS/ISI	 ﾠdatabase	 ﾠto	 ﾠcount	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠthat	 ﾠa	 ﾠ
particular	 ﾠmathematician	 ﾠpublished	 ﾠeach	 ﾠyear	 ﾠthat	 ﾠexceed	 ﾠthese	 ﾠthreshold	 ﾠpercentiles.	 ﾠ	 ﾠ
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Ratio	 ﾠof	 ﾠSoviet	 ﾠpapers	 ﾠto	 ﾠAmerican	 ﾠpapers,	 ﾠby	 ﾠfield,	 ﾠ1984-ﾭ‐89	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠpaper	 ﾠcounts	 ﾠare	 ﾠobtained	 ﾠdirectly	 ﾠfrom	 ﾠthe	 ﾠweb-ﾭ‐based	 ﾠAMS	 ﾠMathematical	 ﾠReviews	 ﾠdatabase	 ﾠ
(MathSciNet)	 ﾠand	 ﾠconsist	 ﾠof	 ﾠall	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠmathematicians	 ﾠaffiliated	 ﾠwith	 ﾠSoviet	 ﾠor	 ﾠAmerican	 ﾠ
institutions	 ﾠbetween	 ﾠ1984	 ﾠand	 ﾠ1989.	 ﾠ
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Figure	 ﾠII	 ﾠ
	 ﾠ
Trend	 ﾠin	 ﾠcoauthorship	 ﾠrate	 ﾠbetween	 ﾠSoviet	 ﾠand	 ﾠAmerican	 ﾠmathematicians	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠdenominator	 ﾠof	 ﾠthis	 ﾠfraction	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠeach	 ﾠyear	 ﾠwhere	 ﾠat	 ﾠleast	 ﾠone	 ﾠ
author	 ﾠreports	 ﾠan	 ﾠAmerican	 ﾠaffiliation.	 ﾠThe	 ﾠnumerator	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠsuch	 ﾠpapers	 ﾠin	 ﾠwhich	 ﾠone	 ﾠother	 ﾠ
author	 ﾠalso	 ﾠreports	 ﾠa	 ﾠSoviet	 ﾠaffiliation.	 ﾠ
	 ﾠ
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Figure	 ﾠIII	 ﾠ
	 ﾠ
Employment	 ﾠtrends	 ﾠfor	 ﾠnew	 ﾠmathematics	 ﾠdoctorates	 ﾠ	 ﾠ
	 ﾠgranted	 ﾠby	 ﾠNorth	 ﾠAmerican	 ﾠinstitutions	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Source:	 ﾠData	 ﾠcompiled	 ﾠby	 ﾠthe	 ﾠauthors	 ﾠfrom	 ﾠAmerican	 ﾠMathematical	 ﾠSociety	 ﾠ(various	 ﾠissues).	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
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Figure	 ﾠIV.	 ﾠCitations	 ﾠto	 ﾠAmerican	 ﾠor	 ﾠSoviet	 ﾠpapers	 ﾠby	 ﾠAmerican	 ﾠmathematicians	 ﾠ
	 ﾠ
A.	 ﾠCitations	 ﾠto	 ﾠAmerican	 ﾠpapers	 ﾠ
	 ﾠ
	 ﾠ
B.	 ﾠCitations	 ﾠto	 ﾠSoviet	 ﾠpapers	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠnumerator	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠin	 ﾠAmerican	 ﾠpapers	 ﾠpublished	 ﾠin	 ﾠa	 ﾠgiven	 ﾠyear	 ﾠthat	 ﾠgo	 ﾠto	 ﾠ
either	 ﾠAmerican	 ﾠ(panel	 ﾠA)	 ﾠor	 ﾠSoviet	 ﾠ(panel	 ﾠB)	 ﾠpapers	 ﾠpublished	 ﾠduring	 ﾠthe	 ﾠentire	 ﾠ1978-ﾭ‐2008	 ﾠperiod.	 ﾠThe	 ﾠ
denominator	 ﾠis	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠmade	 ﾠby	 ﾠAmerican	 ﾠpapers	 ﾠin	 ﾠany	 ﾠgiven	 ﾠyear	 ﾠto	 ﾠpapers	 ﾠpublished	 ﾠ
with	 ﾠa	 ﾠvalid	 ﾠresearch	 ﾠaddress	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ2008.	 ﾠ 	 ﾠ
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Figure	 ﾠV	 ﾠ
	 ﾠ
Frequency	 ﾠdistribution	 ﾠof	 ﾠoutput	 ﾠfor	 ﾠAmerican	 ﾠmathematicians	 ﾠ
	 ﾠ
a.  Papers	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
b.	 ﾠCitations	 ﾠ(ISI)	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Note:	 ﾠThe	 ﾠsample	 ﾠconsists	 ﾠof	 ﾠmathematicians	 ﾠwho	 ﾠwere	 ﾠpredominantly	 ﾠaffiliated	 ﾠwith	 ﾠan	 ﾠAmerican	 ﾠinstitution	 ﾠ
before	 ﾠ1990	 ﾠand	 ﾠwho	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ2008.	 ﾠThe	 ﾠmaximum	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ
is	 ﾠ801,	 ﾠand	 ﾠthe	 ﾠmaximum	 ﾠnumber	 ﾠof	 ﾠ(ISI)	 ﾠcitations	 ﾠis	 ﾠ31,962.	 ﾠ
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Figure	 ﾠVI	 ﾠ
	 ﾠ
Fraction	 ﾠof	 ﾠpublications	 ﾠpublished	 ﾠby	 ﾠSoviet	 ﾠémigrés,	 ﾠby	 ﾠtype	 ﾠof	 ﾠfield	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠU.S.-ﾭ‐style	 ﾠfields	 ﾠconsist	 ﾠof	 ﾠthe	 ﾠbottom	 ﾠ10	 ﾠfields	 ﾠin	 ﾠFigure	 ﾠI	 ﾠ(those	 ﾠwith	 ﾠthe	 ﾠhighest	 ﾠratios	 ﾠof	 ﾠpre-ﾭ‐
influx	 ﾠAmerican	 ﾠpapers	 ﾠto	 ﾠpre-ﾭ‐influx	 ﾠSoviet	 ﾠpapers),	 ﾠwhile	 ﾠthe	 ﾠSoviet-ﾭ‐style	 ﾠfields	 ﾠconsist	 ﾠof	 ﾠthe	 ﾠtop	 ﾠ10	 ﾠfields	 ﾠin	 ﾠ
Figure	 ﾠ1	 ﾠ(those	 ﾠwith	 ﾠthe	 ﾠlowest	 ﾠratios).	 ﾠThe	 ﾠdenominator	 ﾠof	 ﾠthe	 ﾠ“share	 ﾠof	 ﾠoutput”	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠin	 ﾠ
the	 ﾠgiven	 ﾠsubfields	 ﾠpublished	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠby	 ﾠmathematicians	 ﾠwho	 ﾠwere	 ﾠnever	 ﾠaffiliated	 ﾠwith	 ﾠa	 ﾠSoviet	 ﾠ
institution.	 ﾠThe	 ﾠnumerator	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠin	 ﾠthe	 ﾠgiven	 ﾠsubfield	 ﾠpublished	 ﾠin	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠby	 ﾠ
mathematicians	 ﾠwho	 ﾠwere	 ﾠactive	 ﾠbefore	 ﾠ1990	 ﾠand	 ﾠhad	 ﾠa	 ﾠformer	 ﾠSoviet	 ﾠaffiliation.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠ
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Figure	 ﾠVII	 ﾠ
	 ﾠ
Impact	 ﾠof	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠon	 ﾠoutput	 ﾠof	 ﾠAmerican	 ﾠmathematicians	 ﾠ
	 ﾠ
A.	 ﾠAnnual	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠper	 ﾠmathematician	 ﾠ
	 ﾠ 	 ﾠ
	 ﾠ
b.	 ﾠAnnual	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠper	 ﾠmathematician,	 ﾠremoving	 ﾠindividual	 ﾠfixed	 ﾠeffects	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠlow	 ﾠexposure	 ﾠgroup	 ﾠconsists	 ﾠof	 ﾠmathematicians	 ﾠin	 ﾠthe	 ﾠbottom	 ﾠquartile	 ﾠof	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠ
index	 ﾠof	 ﾠsimilarity,	 ﾠwhile	 ﾠthe	 ﾠhigh	 ﾠexposure	 ﾠgroup	 ﾠconsists	 ﾠof	 ﾠmathematicians	 ﾠin	 ﾠthe	 ﾠtop	 ﾠquartile.	 ﾠThe	 ﾠresidual	 ﾠ
papers	 ﾠin	 ﾠpanel	 ﾠB	 ﾠare	 ﾠcalculated	 ﾠfrom	 ﾠa	 ﾠregression	 ﾠthat	 ﾠcontains	 ﾠindividual	 ﾠfixed	 ﾠeffects	 ﾠ(demeaning	 ﾠthe	 ﾠdata	 ﾠ
for	 ﾠeach	 ﾠindividual).	 ﾠ
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Figure	 ﾠVIII	 ﾠ
	 ﾠ
Survival	 ﾠfunctions	 ﾠfor	 ﾠAmerican	 ﾠmathematicians,	 ﾠby	 ﾠlevel	 ﾠof	 ﾠexposure	 ﾠ
	 ﾠ 	 ﾠ
a.	 ﾠLow-ﾭ‐exposure	 ﾠmathematicians	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
b.	 ﾠHigh-ﾭ‐exposure	 ﾠmathematicians	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠsurvival	 ﾠcurve	 ﾠis	 ﾠcalculated	 ﾠfrom	 ﾠthe	 ﾠhazard	 ﾠfunction	 ﾠspecification	 ﾠreported	 ﾠin	 ﾠrow	 ﾠ1,	 ﾠcolumn	 ﾠ3	 ﾠof	 ﾠ
Table	 ﾠ4.	 ﾠA	 ﾠlow	 ﾠ(high)	 ﾠexposure	 ﾠmathematician	 ﾠis	 ﾠthe	 ﾠtypical	 ﾠmathematician	 ﾠin	 ﾠthe	 ﾠbottom	 ﾠ(top)	 ﾠquartile	 ﾠof	 ﾠthe	 ﾠ
distribution	 ﾠof	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity.	 ﾠ  72 
Figure	 ﾠIX	 ﾠ
	 ﾠ
International	 ﾠdifferences	 ﾠin	 ﾠproductivity	 ﾠimpact	 ﾠof	 ﾠSoviet	 ﾠinflux	 ﾠ
(countries	 ﾠwith	 ﾠmore	 ﾠthan	 ﾠ2,000	 ﾠmathematicians)	 ﾠ
	 ﾠ
a.	 ﾠImmigrant	 ﾠshare	 ﾠ
	 ﾠ
	 ﾠ
b.	 ﾠJournal	 ﾠconnectivity	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠproductivity	 ﾠimpact	 ﾠis	 ﾠthe	 ﾠcoefficient	 ﾠof	 ﾠthe	 ﾠinteraction	 ﾠbetween	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠand	 ﾠthe	 ﾠ
post-ﾭ‐1992	 ﾠdummy	 ﾠvariable	 ﾠfrom	 ﾠa	 ﾠfirst-ﾭ‐stage	 ﾠregression	 ﾠestimated	 ﾠseparately	 ﾠin	 ﾠeach	 ﾠcountry.	 ﾠThe	 ﾠdependent	 ﾠ
variable	 ﾠin	 ﾠthe	 ﾠfirst-ﾭ‐stage	 ﾠregression	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠa	 ﾠmathematician	 ﾠin	 ﾠa	 ﾠgiven	 ﾠyear.	 ﾠ
The	 ﾠquality-ﾭ‐adjusted	 ﾠimmigrant	 ﾠshare	 ﾠis	 ﾠthe	 ﾠratio	 ﾠof	 ﾠthe	 ﾠ1984-ﾭ‐1989	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠthe	 ﾠémigrés	 ﾠwho	 ﾠ
eventually	 ﾠmoved	 ﾠto	 ﾠa	 ﾠparticular	 ﾠcountry	 ﾠto	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ1984-ﾭ‐1989	 ﾠcitations	 ﾠgenerated	 ﾠby	 ﾠthe	 ﾠpre-ﾭ‐existing	 ﾠ
mathematicians	 ﾠin	 ﾠthat	 ﾠcountry.	 ﾠThe	 ﾠindex	 ﾠof	 ﾠconnectivity	 ﾠis	 ﾠdefined	 ﾠin	 ﾠthe	 ﾠtext.	 ﾠ 	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Table	 ﾠI	 ﾠ
	 ﾠ
Summary	 ﾠstatistics	 ﾠfor	 ﾠsamples	 ﾠof	 ﾠAmerican	 ﾠand	 ﾠSoviet	 ﾠmathematicians	 ﾠ
	 ﾠ
	 ﾠ Group	 ﾠof	 ﾠmathematicians:	 ﾠ
	 ﾠ
	 ﾠ
Variable:	 ﾠ
	 ﾠ
	 ﾠ
Americans	 ﾠ
Soviet	 ﾠ
émigrés	 ﾠ	 ﾠ
to	 ﾠUS	 ﾠ
Soviet	 ﾠ
émigrés	 ﾠ
elsewhere	 ﾠ
	 ﾠ
All	 ﾠother	 ﾠ
Soviets	 ﾠ
Number	 ﾠof	 ﾠmathematicians	 ﾠ 29392	 ﾠ 336	 ﾠ 715	 ﾠ 11173	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Papers	 ﾠpublished,	 ﾠ1978-ﾭ‐1991	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Mean	 ﾠpapers	 ﾠper	 ﾠmathematician	 ﾠ 6.7	 ﾠ 17.8	 ﾠ 14.6	 ﾠ 8.1	 ﾠ
Median	 ﾠpapers	 ﾠ	 ﾠ 3.0	 ﾠ 13.0	 ﾠ 10.0	 ﾠ 5.0	 ﾠ
Maximum	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ 232.0	 ﾠ 104.0	 ﾠ 152.0	 ﾠ 180.0	 ﾠ
Papers	 ﾠpublished,	 ﾠ1992-ﾭ‐2008	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Mean	 ﾠpapers	 ﾠper	 ﾠmathematician	 ﾠ 6.8	 ﾠ 27.2	 ﾠ 28.8	 ﾠ 7.6	 ﾠ
Median	 ﾠpapers	 ﾠ	 ﾠ 1.0	 ﾠ 21.0	 ﾠ 22.0	 ﾠ 1.0	 ﾠ
Maximum	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ 768.0	 ﾠ 128.0	 ﾠ 317.0	 ﾠ 311.0	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Citations,	 ﾠAMS,	 ﾠ1978-ﾭ‐1991	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Mean	 ﾠcitations	 ﾠper	 ﾠmathematician	 ﾠ 29.1	 ﾠ 74.6	 ﾠ 32.8	 ﾠ 8.6	 ﾠ
Median	 ﾠcitations	 ﾠ	 ﾠ 1.0	 ﾠ 10.0	 ﾠ 6.0	 ﾠ 0.0	 ﾠ
Maximum	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠ 5550.0	 ﾠ 1276.0	 ﾠ 1441.0	 ﾠ 2928.0	 ﾠ
Citations,	 ﾠAMS,	 ﾠ1992-ﾭ‐2008	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Mean	 ﾠcitations	 ﾠper	 ﾠmathematician	 ﾠ 33.6	 ﾠ 177.4	 ﾠ 110.3	 ﾠ 13.4	 ﾠ
Median	 ﾠcitations	 ﾠ	 ﾠ 0.0	 ﾠ 62.0	 ﾠ 37.0	 ﾠ 0.0	 ﾠ
Maximum	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠ 3404.0	 ﾠ 1709.0	 ﾠ 1988.0	 ﾠ 1287.0	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Citations,	 ﾠISI,	 ﾠ1978-ﾭ‐1991	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Mean	 ﾠcitations	 ﾠper	 ﾠmathematician	 ﾠ 110.2	 ﾠ 185.1	 ﾠ 79.8	 ﾠ 25.3	 ﾠ
Median	 ﾠcitations	 ﾠ	 ﾠ 20.0	 ﾠ 25.5	 ﾠ 11.0	 ﾠ 3.0	 ﾠ
Maximum	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠ 20274.0	 ﾠ 7232.0	 ﾠ 3040.0	 ﾠ 3054.0	 ﾠ
Citations,	 ﾠISI,	 ﾠ1992-ﾭ‐2008	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Mean	 ﾠcitations	 ﾠper	 ﾠmathematician	 ﾠ 52.1	 ﾠ 209.0	 ﾠ 156.2	 ﾠ 27.3	 ﾠ
Median	 ﾠcitations	 ﾠ	 ﾠ 0.0	 ﾠ 88.5	 ﾠ 60.0	 ﾠ 0.0	 ﾠ
Maximum	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠ 11688.0	 ﾠ 3371.0	 ﾠ 4442.0	 ﾠ 1258.0	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Median	 ﾠnumber	 ﾠof	 ﾠfields	 ﾠ 2.0	 ﾠ 5.5	 ﾠ 5.0	 ﾠ 2.0	 ﾠ
Percent	 ﾠfirst	 ﾠpublished	 ﾠafter	 ﾠ1980	 ﾠ 45.2	 ﾠ 40.5	 ﾠ 46.7	 ﾠ 48.8	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠsample	 ﾠconsists	 ﾠof	 ﾠ“active”	 ﾠmathematicians	 ﾠwho	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠbetween	 ﾠ1970	 ﾠand	 ﾠ
1989.	 ﾠAn	 ﾠAmerican	 ﾠmathematician	 ﾠis	 ﾠsomeone	 ﾠwho	 ﾠwas	 ﾠpredominantly	 ﾠaffiliated	 ﾠwith	 ﾠan	 ﾠAmerican	 ﾠ
institution	 ﾠprior	 ﾠto	 ﾠ1989,	 ﾠwhile	 ﾠa	 ﾠSoviet	 ﾠmathematician	 ﾠis	 ﾠsomeone	 ﾠwho	 ﾠwas	 ﾠpredominantly	 ﾠaffiliated	 ﾠwith	 ﾠa	 ﾠ
Soviet	 ﾠinstitution	 ﾠprior	 ﾠto	 ﾠ1989.	 ﾠThe	 ﾠpost-ﾭ‐1992	 ﾠmodal	 ﾠaffiliation	 ﾠof	 ﾠa	 ﾠSoviet	 ﾠémigré	 ﾠis	 ﾠlocated	 ﾠoutside	 ﾠthe	 ﾠ
geographic	 ﾠboundaries	 ﾠof	 ﾠthe	 ﾠformer	 ﾠUSSR.	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Table	 ﾠII	 ﾠ
	 ﾠ
American	 ﾠmathematicians	 ﾠwith	 ﾠthe	 ﾠlargest	 ﾠnumber	 ﾠof	 ﾠpublications,	 ﾠ1960-ﾭ‐89	 ﾠ
	 ﾠ
Mathematician:	 ﾠ
Number	 ﾠ
of	 ﾠpapers	 ﾠ
Correlation	 ﾠ
coefficient	 ﾠ
Index	 ﾠof	 ﾠ
intensity	 ﾠ
Index	 ﾠof	 ﾠ
similarity	 ﾠ
Frank	 ﾠHarary	 ﾠ 416	 ﾠ -ﾭ‐0.039	 ﾠ 0.101	 ﾠ 0.096	 ﾠ
Pranab	 ﾠKumar	 ﾠSen	 ﾠ 318	 ﾠ 0.035	 ﾠ 0.199	 ﾠ 0.090	 ﾠ
Richard	 ﾠErnest	 ﾠBellman	 ﾠ 317	 ﾠ 0.420	 ﾠ 0.339	 ﾠ 0.410	 ﾠ
Ciprian	 ﾠFoias	 ﾠ 299	 ﾠ 0.295	 ﾠ 0.414	 ﾠ 0.291	 ﾠ
Avner	 ﾠFriedman	 ﾠ 290	 ﾠ 0.629	 ﾠ 0.633	 ﾠ 0.411	 ﾠ
Robert	 ﾠE.	 ﾠKalaba	 ﾠ 241	 ﾠ 0.272	 ﾠ 0.306	 ﾠ 0.308	 ﾠ
Peter	 ﾠC.	 ﾠFishburn	 ﾠ 232	 ﾠ 0.157	 ﾠ 0.302	 ﾠ 0.126	 ﾠ
Bang-ﾭ‐Yen	 ﾠChen	 ﾠ 220	 ﾠ 0.009	 ﾠ 0.164	 ﾠ 0.070	 ﾠ
Barry	 ﾠSimon	 ﾠ 217	 ﾠ 0.537	 ﾠ 0.580	 ﾠ 0.325	 ﾠ
V.	 ﾠLakshmikantham	 ﾠ 215	 ﾠ 0.467	 ﾠ 0.633	 ﾠ 0.310	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠcorrelation	 ﾠcoefficient,	 ﾠindex	 ﾠof	 ﾠintensity,	 ﾠand	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠmeasure	 ﾠeach	 ﾠmathematician’s	 ﾠ
research	 ﾠoverlap	 ﾠwith	 ﾠthe	 ﾠSoviet	 ﾠresearch	 ﾠprogram	 ﾠfor	 ﾠpapers	 ﾠpublished	 ﾠbetween	 ﾠ1960	 ﾠand	 ﾠ1989.	 ﾠSee	 ﾠthe	 ﾠtext	 ﾠ
for	 ﾠthe	 ﾠdefinition	 ﾠof	 ﾠthe	 ﾠvarious	 ﾠindices.	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 ﾠTable	 ﾠIII	 ﾠ
	 ﾠ
Impact	 ﾠof	 ﾠSoviet	 ﾠsupply	 ﾠshock	 ﾠon	 ﾠAmerican	 ﾠmathematicians	 ﾠ
	 ﾠ
	 ﾠ Mathematicians	 ﾠ
predominantly	 ﾠin	 ﾠU.S.	 ﾠ
Mathematicians	 ﾠ	 ﾠ
always	 ﾠin	 ﾠU.S.	 ﾠ
	 ﾠ
Specification/regressor	 ﾠ
Number	 ﾠof	 ﾠ
papers	 ﾠ
Number	 ﾠof	 ﾠ
citations	 ﾠ
Number	 ﾠof	 ﾠ
papers	 ﾠ
Number	 ﾠof	 ﾠ
Citations	 ﾠ
A.	 ﾠAuthor-ﾭ‐year	 ﾠregressions	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Correlation	 ﾠcoefficient	 ﾠ -ﾭ‐0.133	 ﾠ -ﾭ‐19.577	 ﾠ -ﾭ‐0.116	 ﾠ -ﾭ‐16.298	 ﾠ
	 ﾠ (0.036)	 ﾠ (1.576)	 ﾠ (0.034)	 ﾠ (1.540)	 ﾠ
Index	 ﾠof	 ﾠintensity	 ﾠ -ﾭ‐0.047	 ﾠ -ﾭ‐14.845	 ﾠ -ﾭ‐0.042	 ﾠ -ﾭ‐12.293	 ﾠ
	 ﾠ (0.028)	 ﾠ (1.293)	 ﾠ (0.027)	 ﾠ (1.261)	 ﾠ
Index	 ﾠof	 ﾠsimilarity	 ﾠ -ﾭ‐1.523	 ﾠ -ﾭ‐69.155	 ﾠ -ﾭ‐1.419	 ﾠ -ﾭ‐58.494	 ﾠ
	 ﾠ (0.113)	 ﾠ (4.645)	 ﾠ (0.108)	 ﾠ (4.655)	 ﾠ
B.	 ﾠAuthor-ﾭ‐year	 ﾠregressions,	 ﾠshort	 ﾠrun	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Correlation	 ﾠcoefficient	 ﾠ -ﾭ‐0.102	 ﾠ -ﾭ‐14.214	 ﾠ -ﾭ‐0.085	 ﾠ -ﾭ‐11.404	 ﾠ
	 ﾠ (0.032)	 ﾠ (1.783)	 ﾠ (0.030)	 ﾠ (1.410)	 ﾠ
Index	 ﾠof	 ﾠintensity	 ﾠ -ﾭ‐0.045	 ﾠ -ﾭ‐10.944	 ﾠ -ﾭ‐0.039	 ﾠ -ﾭ‐8.830	 ﾠ
	 ﾠ (0.023)	 ﾠ (1.221)	 ﾠ (0.022)	 ﾠ (1.181)	 ﾠ
Index	 ﾠof	 ﾠsimilarity	 ﾠ -ﾭ‐1.056	 ﾠ -ﾭ‐48.547	 ﾠ -ﾭ‐0.985	 ﾠ -ﾭ‐39.054	 ﾠ
	 ﾠ (0.111)	 ﾠ (4.232)	 ﾠ (0.108)	 ﾠ (4.117)	 ﾠ
C.	 ﾠAuthor-ﾭ‐year	 ﾠregressions,	 ﾠlong	 ﾠrun	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Correlation	 ﾠcoefficient	 ﾠ -ﾭ‐0.122	 ﾠ -ﾭ‐25.219	 ﾠ -ﾭ‐0.108	 ﾠ -ﾭ‐21.095	 ﾠ
	 ﾠ (0.049)	 ﾠ (2.037)	 ﾠ (0.046)	 ﾠ (2.019)	 ﾠ
Index	 ﾠof	 ﾠintensity	 ﾠ -ﾭ‐0.019	 ﾠ -ﾭ‐19.179	 ﾠ -ﾭ‐0.015	 ﾠ -ﾭ‐15.889	 ﾠ
	 ﾠ (0.039)	 ﾠ (1.687)	 ﾠ (0.037)	 ﾠ (1.666)	 ﾠ
Index	 ﾠof	 ﾠsimilarity	 ﾠ -ﾭ‐1.930	 ﾠ -ﾭ‐91.211	 ﾠ -ﾭ‐1.802	 ﾠ -ﾭ‐77.930	 ﾠ
	 ﾠ (0.150)	 ﾠ (5.961)	 ﾠ (0.145)	 ﾠ (6.055)	 ﾠ
D.	 ﾠAuthor-ﾭ‐field-ﾭ‐year	 ﾠregressions	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Correlation	 ﾠcoefficient	 ﾠ -ﾭ‐0.0021	 ﾠ -ﾭ‐0.3048	 ﾠ -ﾭ‐0.0020	 ﾠ -ﾭ‐0.2578	 ﾠ
	 ﾠ (0.0006)	 ﾠ (0.0249)	 ﾠ (0.0005)	 ﾠ (0.0244)	 ﾠ
Index	 ﾠof	 ﾠintensity	 ﾠ -ﾭ‐0.0007	 ﾠ -ﾭ‐2378	 ﾠ -ﾭ‐0.0007	 ﾠ -ﾭ‐0.2005	 ﾠ
	 ﾠ (0.0004)	 ﾠ (0.0206)	 ﾠ (0.0004)	 ﾠ (0.0202)	 ﾠ
Index	 ﾠof	 ﾠsimilarity	 ﾠ -ﾭ‐0.0238	 ﾠ -ﾭ‐1.0248	 ﾠ -ﾭ‐0.0240	 ﾠ -ﾭ‐0.8696	 ﾠ
	 ﾠ (0.0017)	 ﾠ (0.0732)	 ﾠ (0.0016)	 ﾠ (0.0732)	 ﾠ
	 ﾠ
Notes:	 ﾠStandard	 ﾠerrors	 ﾠare	 ﾠreported	 ﾠin	 ﾠparentheses	 ﾠand	 ﾠclustered	 ﾠat	 ﾠthe	 ﾠindividual	 ﾠlevel.	 ﾠThe	 ﾠtable	 ﾠreports	 ﾠthe	 ﾠ
coefficient	 ﾠof	 ﾠthe	 ﾠinteraction	 ﾠbetween	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠand	 ﾠa	 ﾠpost-ﾭ‐1992	 ﾠdummy	 ﾠvariable.	 ﾠEach	 ﾠobservation	 ﾠin	 ﾠ
panels	 ﾠA,	 ﾠB,	 ﾠand	 ﾠC	 ﾠrepresents	 ﾠa	 ﾠunique	 ﾠauthor-ﾭ‐year	 ﾠpermutation;	 ﾠan	 ﾠobservation	 ﾠin	 ﾠpanel	 ﾠD	 ﾠrepresents	 ﾠa	 ﾠ
unique	 ﾠauthor-ﾭ‐field-ﾭ‐year	 ﾠpermutation.	 ﾠThe	 ﾠregressions	 ﾠuse	 ﾠthe	 ﾠentire	 ﾠsample	 ﾠperiod	 ﾠ1978-ﾭ‐2008	 ﾠin	 ﾠPanels	 ﾠA	 ﾠ
and	 ﾠD,	 ﾠthe	 ﾠ1978-ﾭ‐1999	 ﾠperiod	 ﾠin	 ﾠthe	 ﾠshort-ﾭ‐run,	 ﾠand	 ﾠthe	 ﾠ1978-ﾭ‐1991	 ﾠand	 ﾠ2000-ﾭ‐2008	 ﾠperiods	 ﾠin	 ﾠthe	 ﾠlong	 ﾠrun.	 ﾠThe	 ﾠ
numbers	 ﾠof	 ﾠpapers	 ﾠ(citations)	 ﾠregressions	 ﾠin	 ﾠthe	 ﾠpredominantly	 ﾠAmerican	 ﾠsample	 ﾠhave	 ﾠ804,180	 ﾠ(611,916)	 ﾠ
observations	 ﾠin	 ﾠPanel	 ﾠA;	 ﾠ540,896	 ﾠ(413,082)	 ﾠobservations	 ﾠin	 ﾠPanel	 ﾠB;	 ﾠ510,260	 ﾠ(389,836)	 ﾠobservations	 ﾠin	 ﾠPanel	 ﾠ
C;	 ﾠand	 ﾠ51,467,520	 ﾠ(37,278,675)	 ﾠobservations	 ﾠin	 ﾠPanel	 ﾠD.	 ﾠAll	 ﾠregressions	 ﾠinclude	 ﾠthe	 ﾠmathematician’s	 ﾠyears	 ﾠof	 ﾠ
experience	 ﾠ(introduced	 ﾠas	 ﾠa	 ﾠquartic	 ﾠpolynomial),	 ﾠyear	 ﾠfixed	 ﾠeffects,	 ﾠand	 ﾠindividual	 ﾠfixed	 ﾠeffects.	 ﾠThe	 ﾠ
regressions	 ﾠin	 ﾠpanel	 ﾠD	 ﾠalso	 ﾠinclude	 ﾠall	 ﾠinteractions	 ﾠbetween	 ﾠthe	 ﾠyear	 ﾠfixed	 ﾠeffects	 ﾠand	 ﾠthe	 ﾠfield	 ﾠfixed	 ﾠeffects.	 ﾠ	 ﾠ 	 ﾠ  76 
Table	 ﾠIV	 ﾠ
	 ﾠ
Impact	 ﾠof	 ﾠSoviet	 ﾠsupply	 ﾠshock	 ﾠon	 ﾠnumber	 ﾠof	 ﾠ“Home	 ﾠRuns”	 ﾠ	 ﾠ
	 ﾠ(Conditional	 ﾠfixed	 ﾠeffects	 ﾠPoisson	 ﾠmodel)	 ﾠ
	 ﾠ
	 ﾠ Number	 ﾠof	 ﾠpapers	 ﾠwith	 ﾠcitations	 ﾠ
above	 ﾠxth	 ﾠpercentile:	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
By	 ﾠcoauthorship	 ﾠstatus	 ﾠ
(95th	 ﾠpercentile)	 ﾠ
	 ﾠ
Sample:	 ﾠ
	 ﾠ
90th	 ﾠ	 ﾠ
	 ﾠ
95th	 ﾠ	 ﾠ
	 ﾠ
99th	 ﾠ	 ﾠ
	 ﾠ Coauthored	 ﾠ
with	 ﾠémigré	 ﾠ	 ﾠ
Did	 ﾠnot	 ﾠ
coauthor	 ﾠ
Correlation	 ﾠcoefficient	 ﾠin:	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Bottom	 ﾠquartile	 ﾠ 0.058	 ﾠ -ﾭ‐0.055	 ﾠ 0.211	 ﾠ 	 ﾠ 0.005	 ﾠ -ﾭ‐0.055	 ﾠ
	 ﾠ (0.066)	 ﾠ (0.097)	 ﾠ (0.237)	 ﾠ 	 ﾠ (0.279)	 ﾠ (0.103)	 ﾠ
Middle	 ﾠ50	 ﾠpercent	 ﾠ 0.012	 ﾠ 0.029	 ﾠ 0.120	 ﾠ 	 ﾠ 0.058	 ﾠ 0.021	 ﾠ
	 ﾠ (0.032)	 ﾠ (0.044)	 ﾠ (0.090)	 ﾠ 	 ﾠ (0.144)	 ﾠ (0.046)	 ﾠ
Top	 ﾠquartile	 ﾠ -ﾭ‐0.204	 ﾠ -ﾭ‐0.160	 ﾠ -ﾭ‐0.121	 ﾠ 	 ﾠ 0.014	 ﾠ -ﾭ‐0.215	 ﾠ
	 ﾠ (0.032)	 ﾠ (0.043)	 ﾠ (0.087)	 ﾠ 	 ﾠ (0.091)	 ﾠ (0.049)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Index	 ﾠof	 ﾠintensity	 ﾠin:	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Bottom	 ﾠquartile	 ﾠ 0.089	 ﾠ -ﾭ‐0.025	 ﾠ 0.127	 ﾠ 	 ﾠ 0.022	 ﾠ -ﾭ‐0.025	 ﾠ
	 ﾠ (0.068)	 ﾠ (0.101)	 ﾠ (0.260)	 ﾠ 	 ﾠ (0.286)	 ﾠ (0.108)	 ﾠ
Middle	 ﾠ50	 ﾠpercent	 ﾠ -ﾭ‐0.043	 ﾠ -ﾭ‐0.025	 ﾠ 0.112	 ﾠ 	 ﾠ 0.040	 ﾠ -ﾭ‐0.036	 ﾠ
	 ﾠ (0.031)	 ﾠ (0.042)	 ﾠ (0.086)	 ﾠ 	 ﾠ (0.131)	 ﾠ (0.044)	 ﾠ
Top	 ﾠquartile	 ﾠ -ﾭ‐0.166	 ﾠ -ﾭ‐0.123	 ﾠ -ﾭ‐0.115	 ﾠ 	 ﾠ 0.019	 ﾠ -ﾭ‐0.169	 ﾠ
	 ﾠ (0.034)	 ﾠ (0.045)	 ﾠ (0.090)	 ﾠ 	 ﾠ (0.095)	 ﾠ (0.051)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Index	 ﾠof	 ﾠsimilarity	 ﾠin:	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Bottom	 ﾠquartile	 ﾠ 0.331	 ﾠ 0.366	 ﾠ 0.402	 ﾠ 	 ﾠ -ﾭ‐0.190	 ﾠ 0.393	 ﾠ
	 ﾠ (0.069)	 ﾠ (0.095)	 ﾠ (0.198)	 ﾠ 	 ﾠ (0.507)	 ﾠ (0.096)	 ﾠ
Middle	 ﾠ50	 ﾠpercent	 ﾠ 0.011	 ﾠ -ﾭ‐0.020	 ﾠ -ﾭ‐0.004	 ﾠ 	 ﾠ -ﾭ‐0.096	 ﾠ -ﾭ‐0.024	 ﾠ
	 ﾠ (0.037)	 ﾠ (0.050)	 ﾠ (0.106)	 ﾠ 	 ﾠ (0.162)	 ﾠ (0.053)	 ﾠ
Top	 ﾠquartile	 ﾠ -ﾭ‐0.158	 ﾠ -ﾭ‐0.122	 ﾠ 0.016	 ﾠ 	 ﾠ 0.072	 ﾠ -ﾭ‐0.180	 ﾠ
	 ﾠ (0.029)	 ﾠ (0.039)	 ﾠ (0.079)	 ﾠ 	 ﾠ (0.085)	 ﾠ (0.044)	 ﾠ
	 ﾠ
Notes:	 ﾠStandard	 ﾠerrors	 ﾠreported	 ﾠin	 ﾠparentheses.	 ﾠThe	 ﾠsample	 ﾠconsists	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠ
mathematicians.	 ﾠAn	 ﾠobservation	 ﾠconsists	 ﾠof	 ﾠan	 ﾠauthor-ﾭ‐year	 ﾠpair	 ﾠfor	 ﾠeach	 ﾠyear	 ﾠbetween	 ﾠ1978	 ﾠand	 ﾠ2005.	 ﾠThe	 ﾠ
dependent	 ﾠvariable	 ﾠis	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ“home	 ﾠruns”,	 ﾠdefined	 ﾠas	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠwritten	 ﾠin	 ﾠthat	 ﾠyear	 ﾠthat	 ﾠ
have	 ﾠreceived	 ﾠa	 ﾠsufficiently	 ﾠhigh	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠto	 ﾠplace	 ﾠthem	 ﾠin	 ﾠthe	 ﾠtop	 ﾠ90th,	 ﾠ95th,	 ﾠor	 ﾠ99th	 ﾠpercentile	 ﾠfor	 ﾠ
papers	 ﾠpublished	 ﾠthat	 ﾠyear.	 ﾠThe	 ﾠregression	 ﾠincludes	 ﾠa	 ﾠpost-ﾭ‐1992	 ﾠdummy	 ﾠvariable,	 ﾠyears	 ﾠof	 ﾠexperience	 ﾠ
(introduced	 ﾠas	 ﾠa	 ﾠquartic),	 ﾠand	 ﾠindividual	 ﾠfixed	 ﾠeffects.	 ﾠThe	 ﾠcoefficient	 ﾠreported	 ﾠin	 ﾠthe	 ﾠtable	 ﾠis	 ﾠthat	 ﾠof	 ﾠthe	 ﾠpost-ﾭ‐
1992	 ﾠdummy	 ﾠvariable.	 ﾠEach	 ﾠcoefficient	 ﾠin	 ﾠthe	 ﾠtable	 ﾠis	 ﾠdrawn	 ﾠfrom	 ﾠa	 ﾠseparate	 ﾠPoisson	 ﾠregression	 ﾠestimated	 ﾠin	 ﾠ
the	 ﾠrespective	 ﾠsample.	 ﾠThe	 ﾠregressions	 ﾠin	 ﾠthe	 ﾠlast	 ﾠtwo	 ﾠcolumns	 ﾠre-ﾭ‐estimate	 ﾠthe	 ﾠ95th	 ﾠpercentile	 ﾠregressions	 ﾠ
separately	 ﾠon	 ﾠthe	 ﾠsamples	 ﾠof	 ﾠAmerican	 ﾠmathematicians	 ﾠwho	 ﾠeither	 ﾠcoauthored	 ﾠor	 ﾠdid	 ﾠnot	 ﾠcoauthor	 ﾠwith	 ﾠa	 ﾠ
Soviet	 ﾠémigré	 ﾠat	 ﾠany	 ﾠpoint	 ﾠafter	 ﾠ1992.	 ﾠThe	 ﾠnumber	 ﾠof	 ﾠobservations	 ﾠfor	 ﾠthe	 ﾠ(bottom,	 ﾠmiddle,	 ﾠtop)	 ﾠgroups	 ﾠare	 ﾠ
(142,563,	 ﾠ292,446,	 ﾠ156,996)	 ﾠin	 ﾠPanel	 ﾠA,	 ﾠ(136,590,	 ﾠ303,751,	 ﾠ151,664)	 ﾠin	 ﾠPanel	 ﾠB,	 ﾠand	 ﾠ(128,617,	 ﾠ289,149,	 ﾠ
174,239)	 ﾠin	 ﾠPanel	 ﾠC.	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Table	 ﾠV	 ﾠ
	 ﾠ
Impact	 ﾠof	 ﾠSoviet	 ﾠsupply	 ﾠshock	 ﾠon	 ﾠprobability	 ﾠof	 ﾠ“retirement”	 ﾠfrom	 ﾠpublishing	 ﾠ
(Cox	 ﾠproportional	 ﾠhazard	 ﾠmodels)	 ﾠ
	 ﾠ
	 ﾠ Measure	 ﾠof	 ﾠoverlap	 ﾠ
	 ﾠ
Sample	 ﾠ
Correlation	 ﾠ
coefficient	 ﾠ
Index	 ﾠof	 ﾠ
intensity	 ﾠ
Index	 ﾠof	 ﾠ
similarity	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
All	 ﾠpre-ﾭ‐existing	 ﾠmathematicians	 ﾠ	 ﾠ 	 ﾠ0.410	 ﾠ 0.230	 ﾠ 5.571	 ﾠ
	 ﾠ (0.090)	 ﾠ (0.084)	 ﾠ (0.298)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Less	 ﾠthan	 ﾠ10	 ﾠyears	 ﾠof	 ﾠexperience	 ﾠ 1.099	 ﾠ 0.653	 ﾠ 10.340	 ﾠ
	 ﾠ (0.229)	 ﾠ (0.176)	 ﾠ (0.962)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
10-ﾭ‐19	 ﾠyears	 ﾠof	 ﾠexperience	 ﾠ 0.166	 ﾠ 0.299	 ﾠ 0.232	 ﾠ
	 ﾠ (0.192)	 ﾠ (0.175)	 ﾠ (0.645)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
At	 ﾠleast	 ﾠ20	 ﾠyears	 ﾠof	 ﾠexperience	 ﾠ 0.099	 ﾠ 0.101	 ﾠ 1.433	 ﾠ
	 ﾠ (0.181)	 ﾠ (0.183)	 ﾠ (0.491)	 ﾠ
	 ﾠ
Notes:	 ﾠStandard	 ﾠerrors	 ﾠare	 ﾠreported	 ﾠin	 ﾠparentheses	 ﾠand	 ﾠare	 ﾠclustered	 ﾠat	 ﾠthe	 ﾠindividual	 ﾠlevel.	 ﾠ	 ﾠThe	 ﾠsample	 ﾠ
consists	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠmathematicians.	 ﾠEach	 ﾠobservation	 ﾠin	 ﾠthe	 ﾠdata	 ﾠrepresents	 ﾠan	 ﾠindividual-ﾭ‐
year	 ﾠof	 ﾠexperience	 ﾠrecord,	 ﾠbeginning	 ﾠin	 ﾠ1978	 ﾠuntil	 ﾠthe	 ﾠyear	 ﾠof	 ﾠthe	 ﾠindividual’s	 ﾠlast	 ﾠobserved	 ﾠpublication.	 ﾠThe	 ﾠ
regression	 ﾠmodel	 ﾠincludes	 ﾠa	 ﾠpost-ﾭ‐1992	 ﾠdummy	 ﾠvariable,	 ﾠthe	 ﾠmathematician’s	 ﾠoverlap	 ﾠindex,	 ﾠand	 ﾠthe	 ﾠ
interaction	 ﾠbetween	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠand	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠindicator	 ﾠ(which	 ﾠis	 ﾠthe	 ﾠcoefficient	 ﾠreported	 ﾠin	 ﾠthe	 ﾠ
table).	 ﾠThe	 ﾠsample	 ﾠsizes	 ﾠ(by	 ﾠrow)	 ﾠare:	 ﾠ446,720	 ﾠobservations,	 ﾠ151,012	 ﾠobservations,	 ﾠ143,442	 ﾠobservations,	 ﾠ
and	 ﾠ152,267	 ﾠobservations.	 ﾠ	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Table	 ﾠVI	 ﾠ
	 ﾠ
Impact	 ﾠof	 ﾠSoviet	 ﾠsupply	 ﾠshock	 ﾠon	 ﾠinstitutional	 ﾠmobility	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ Measure	 ﾠof	 ﾠoverlap/Dependent	 ﾠvariable	 ﾠ
	 ﾠ
	 ﾠ
Correlation	 ﾠ
coefficient	 ﾠ
	 ﾠ
Index	 ﾠof	 ﾠintensity	 ﾠ
	 ﾠ
Index	 ﾠof	 ﾠsimilarity	 ﾠ
Sample/regressor	 ﾠ Moved	 ﾠ Δ	 ﾠQuality	 ﾠ Moved	 ﾠ Δ	 ﾠQuality	 ﾠ Moved	 ﾠ Δ	 ﾠQuality	 ﾠ
A.	 ﾠAll	 ﾠmathematicians	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Institution	 ﾠhired	 ﾠémigré	 ﾠ	 ﾠ 0.046	 ﾠ -ﾭ‐2.382	 ﾠ 0.046	 ﾠ -ﾭ‐2.383	 ﾠ 0.047	 ﾠ -ﾭ‐2.385	 ﾠ
	 ﾠ (0.013)	 ﾠ (.122)	 ﾠ (0.013)	 ﾠ (.122)	 ﾠ (0.013)	 ﾠ (.122)	 ﾠ
Overlap	 ﾠindex	 ﾠ 0.172	 ﾠ -ﾭ‐0.415	 ﾠ 0.158	 ﾠ -ﾭ‐0.282	 ﾠ 0.321	 ﾠ -ﾭ‐1.329	 ﾠ
	 ﾠ (0.025)	 ﾠ (0.308)	 ﾠ (0.022)	 ﾠ (0.252)	 ﾠ (0.066)	 ﾠ (.997)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
B.	 ﾠFirst	 ﾠpublished	 ﾠafter	 ﾠ1980	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Institution	 ﾠhired	 ﾠémigré	 ﾠ	 ﾠ 0.098	 ﾠ -ﾭ‐2.408	 ﾠ 0.098	 ﾠ -ﾭ‐2.411	 ﾠ 0.099	 ﾠ -ﾭ‐2.407	 ﾠ
	 ﾠ (0.020)	 ﾠ (.158)	 ﾠ (0.020)	 ﾠ (.158)	 ﾠ (0.020)	 ﾠ (.158)	 ﾠ
Overlap	 ﾠindex	 ﾠ 0.216	 ﾠ -ﾭ‐0.618	 ﾠ 0.157	 ﾠ -ﾭ‐0.394	 ﾠ 0.676	 ﾠ -ﾭ‐2.606	 ﾠ
	 ﾠ (0.040)	 ﾠ (0.373)	 ﾠ (0.031)	 ﾠ (0.285)	 ﾠ (0.151)	 ﾠ (1.499)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
C.	 ﾠFirst	 ﾠpublished	 ﾠbefore	 ﾠ1980	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Institution	 ﾠhired	 ﾠémigré	 ﾠ	 ﾠ 0.001	 ﾠ -ﾭ‐2.274	 ﾠ 0.001	 ﾠ -ﾭ‐2.277	 ﾠ 0.001	 ﾠ -ﾭ‐2.272	 ﾠ
	 ﾠ (0.015)	 ﾠ (.188)	 ﾠ (0.015)	 ﾠ (.189)	 ﾠ (0.015)	 ﾠ (.189)	 ﾠ
Overlap	 ﾠindex	 ﾠ 0.100	 ﾠ 0.225	 ﾠ 0.099	 ﾠ 0.356	 ﾠ 0.218	 ﾠ -ﾭ‐.180	 ﾠ
	 ﾠ (0.029)	 ﾠ (0.538)	 ﾠ (0.029)	 ﾠ (0.540)	 ﾠ (0.069)	 ﾠ (1.345)	 ﾠ
	 ﾠ
Notes:	 ﾠRobust	 ﾠstandard	 ﾠerrors	 ﾠare	 ﾠreported	 ﾠin	 ﾠparentheses.	 ﾠThe	 ﾠsample	 ﾠconsists	 ﾠof	 ﾠpredominantly	 ﾠAmerican	 ﾠ
mathematicians	 ﾠwhose	 ﾠlast	 ﾠobserved	 ﾠaffiliation	 ﾠbefore	 ﾠ1990	 ﾠand	 ﾠthe	 ﾠmodal	 ﾠpost-ﾭ‐1992	 ﾠobservation	 ﾠwere	 ﾠboth	 ﾠ
in	 ﾠthe	 ﾠUnited	 ﾠStates.	 ﾠThe	 ﾠdependent	 ﾠvariable	 ﾠin	 ﾠthe	 ﾠ“moved”	 ﾠregressions	 ﾠis	 ﾠa	 ﾠdummy	 ﾠvariable	 ﾠset	 ﾠto	 ﾠunity	 ﾠif	 ﾠ
the	 ﾠmathematician’s	 ﾠlast	 ﾠobserved	 ﾠaffiliation	 ﾠbefore	 ﾠ1990	 ﾠis	 ﾠdifferent	 ﾠfrom	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠmodal	 ﾠaffiliation,	 ﾠ
while	 ﾠthe	 ﾠdependent	 ﾠvariable	 ﾠin	 ﾠthe	 ﾠ“change	 ﾠin	 ﾠquality”	 ﾠregressions	 ﾠis	 ﾠthe	 ﾠdifference	 ﾠ(among	 ﾠmovers)	 ﾠin	 ﾠthe	 ﾠ
log	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠthese	 ﾠtwo	 ﾠinstitutions.	 ﾠThe	 ﾠ“moved”	 ﾠregressions	 ﾠhave	 ﾠ13,137	 ﾠobservations	 ﾠ
in	 ﾠpanel	 ﾠA,	 ﾠ6,513	 ﾠobservations	 ﾠin	 ﾠpanel	 ﾠB,	 ﾠand	 ﾠ6,624	 ﾠobservations	 ﾠin	 ﾠpanel	 ﾠC.	 ﾠThe	 ﾠ“change	 ﾠin	 ﾠquality”	 ﾠ
regressions	 ﾠhave	 ﾠ4,029	 ﾠobservations	 ﾠin	 ﾠpanel	 ﾠA,	 ﾠ3,021	 ﾠobservations	 ﾠin	 ﾠpanel	 ﾠB,	 ﾠand	 ﾠ1,008	 ﾠobservations	 ﾠin	 ﾠ
panel	 ﾠC.	 ﾠAll	 ﾠregressions	 ﾠhold	 ﾠconstant	 ﾠthe	 ﾠlog	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠthe	 ﾠmathematician	 ﾠbetween	 ﾠ
1978	 ﾠand	 ﾠ1990	 ﾠand	 ﾠthe	 ﾠmathematician’s	 ﾠyears	 ﾠof	 ﾠwork	 ﾠexperience;	 ﾠthe	 ﾠ“moved”	 ﾠregressions	 ﾠalso	 ﾠinclude	 ﾠthe	 ﾠ
log	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠby	 ﾠthe	 ﾠpre-ﾭ‐1990	 ﾠinstitution.	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Table	 ﾠVII	 ﾠ
	 ﾠ
Impact	 ﾠof	 ﾠSoviet	 ﾠsupply	 ﾠshock	 ﾠon	 ﾠproductivity	 ﾠof	 ﾠstudents	 ﾠ
(Dependent	 ﾠvariable	 ﾠ=	 ﾠStudent’s	 ﾠannual	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠor	 ﾠcitations)	 ﾠ
	 ﾠ
	 ﾠ Papers	 ﾠ 	 ﾠ Citations	 ﾠ(ISI)	 ﾠ
Index/Variable	 ﾠ (1)	 ﾠ (2)	 ﾠ (3)	 ﾠ 	 ﾠ (1)	 ﾠ (2)	 ﾠ (3)	 ﾠ
Correlation	 ﾠcoefficient	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Soviet	 ﾠadvisor	 ﾠ 0.225	 ﾠ 0.232	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ 	 ﾠ 0.557	 ﾠ 0.693	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ
	 ﾠ (0.040)	 ﾠ (0.041)	 ﾠ 	 ﾠ 	 ﾠ (0.211)	 ﾠ (0.223)	 ﾠ 	 ﾠ
Advisor’s	 ﾠindex	 ﾠ×	 ﾠT	 ﾠ -ﾭ‐0.425	 ﾠ -ﾭ‐0.386	 ﾠ -ﾭ‐0.178	 ﾠ 	 ﾠ -ﾭ‐6.936	 ﾠ -ﾭ‐6.482	 ﾠ -ﾭ‐3.808	 ﾠ
	 ﾠ (0.092)	 ﾠ (0.091)	 ﾠ (0.106)	 ﾠ 	 ﾠ (1.124)	 ﾠ (1.127)	 ﾠ (1.445)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Index	 ﾠof	 ﾠintensity	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Soviet	 ﾠadvisor	 ﾠ 0.256	 ﾠ 0.265	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ 	 ﾠ 1.147	 ﾠ 1.309	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ
	 ﾠ (0.041)	 ﾠ (0.042)	 ﾠ 	 ﾠ 	 ﾠ (.225)	 ﾠ (.236)	 ﾠ 	 ﾠ
Advisor’s	 ﾠindex	 ﾠ×	 ﾠT	 ﾠ -ﾭ‐0.508	 ﾠ -ﾭ‐0.465	 ﾠ -ﾭ‐0.236	 ﾠ 	 ﾠ -ﾭ‐9.036	 ﾠ -ﾭ‐8.495	 ﾠ -ﾭ‐5.429	 ﾠ
	 ﾠ (0.095)	 ﾠ (0.095)	 ﾠ (0.106)	 ﾠ 	 ﾠ (1.346)	 ﾠ (1.349)	 ﾠ (1.576)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Index	 ﾠof	 ﾠsimilarity	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Soviet	 ﾠadvisor	 ﾠ 0.295	 ﾠ 0.296	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ 	 ﾠ 0.875	 ﾠ 0.877	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ
	 ﾠ (0.041)	 ﾠ (0.042)	 ﾠ 	 ﾠ 	 ﾠ (0.223)	 ﾠ (0.235)	 ﾠ 	 ﾠ
Advisor’s	 ﾠindex	 ﾠ×	 ﾠT	 ﾠ -ﾭ‐0.408	 ﾠ -ﾭ‐0.369	 ﾠ -ﾭ‐0.129	 ﾠ 	 ﾠ -ﾭ‐5.529	 ﾠ -ﾭ‐5.143	 ﾠ -ﾭ‐1.302	 ﾠ
	 ﾠ (0.187)	 ﾠ (0.182)	 ﾠ (0.242)	 ﾠ 	 ﾠ (1.944)	 ﾠ (1.976)	 ﾠ (3.073)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Institution	 ﾠfixed	 ﾠeffects	 ﾠ No	 ﾠ Yes	 ﾠ Yes	 ﾠ 	 ﾠ No	 ﾠ Yes	 ﾠ Yes	 ﾠ
Advisor’s	 ﾠfixed	 ﾠeffects	 ﾠ No	 ﾠ No	 ﾠ Yes	 ﾠ 	 ﾠ No	 ﾠ No	 ﾠ Yes	 ﾠ
	 ﾠ
Notes:	 ﾠRobust	 ﾠstandard	 ﾠerrors	 ﾠare	 ﾠreported	 ﾠin	 ﾠparentheses.	 ﾠThe	 ﾠdependent	 ﾠvariable	 ﾠis	 ﾠthe	 ﾠaverage	 ﾠannual	 ﾠ
number	 ﾠof	 ﾠpapers	 ﾠpublished	 ﾠor	 ﾠ(ISI)	 ﾠcitations	 ﾠreceived	 ﾠbetween	 ﾠthe	 ﾠtime	 ﾠthe	 ﾠstudent	 ﾠobtained	 ﾠhis	 ﾠdoctoral	 ﾠ
degree	 ﾠand	 ﾠ2011.	 ﾠThe	 ﾠsample	 ﾠconsists	 ﾠof	 ﾠstudents	 ﾠwho	 ﾠreceived	 ﾠdoctoral	 ﾠdegrees	 ﾠfrom	 ﾠAmerican	 ﾠinstitutions	 ﾠ
between	 ﾠ1978	 ﾠand	 ﾠ2008,	 ﾠand	 ﾠwhose	 ﾠadvisor	 ﾠwas	 ﾠeither	 ﾠa	 ﾠpredominantly	 ﾠAmerican	 ﾠpre-ﾭ‐existing	 ﾠ
mathematician	 ﾠor	 ﾠa	 ﾠSoviet	 ﾠémigré.	 ﾠThe	 ﾠpapers	 ﾠregressions	 ﾠhave	 ﾠ20,822	 ﾠobservations,	 ﾠand	 ﾠthe	 ﾠcitations	 ﾠ
regressions	 ﾠhave	 ﾠ20,743	 ﾠobservations.	 ﾠThe	 ﾠ“Soviet	 ﾠAdvisor”	 ﾠvariable	 ﾠis	 ﾠa	 ﾠdummy	 ﾠvariable	 ﾠset	 ﾠto	 ﾠunity	 ﾠif	 ﾠthe	 ﾠ
advisor	 ﾠis	 ﾠa	 ﾠSoviet	 ﾠémigré;	 ﾠthe	 ﾠ“Advisor	 ﾠindex”	 ﾠvariable	 ﾠis	 ﾠthe	 ﾠAmerican’s	 ﾠadvisor’s	 ﾠvalue	 ﾠof	 ﾠthe	 ﾠoverlap	 ﾠindex	 ﾠ
(set	 ﾠto	 ﾠzero	 ﾠif	 ﾠthe	 ﾠadvisor	 ﾠis	 ﾠa	 ﾠSoviet	 ﾠémigré);	 ﾠand	 ﾠT	 ﾠis	 ﾠa	 ﾠdummy	 ﾠvariable	 ﾠset	 ﾠto	 ﾠunity	 ﾠfor	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠperiod.	 ﾠ
All	 ﾠregressions	 ﾠinclude	 ﾠthe	 ﾠvalue	 ﾠof	 ﾠthe	 ﾠadvisor’s	 ﾠoverlap	 ﾠindex	 ﾠ(if	 ﾠAmerican)	 ﾠand	 ﾠa	 ﾠset	 ﾠof	 ﾠfixed	 ﾠeffects	 ﾠ
indicating	 ﾠthe	 ﾠcalendar	 ﾠyear	 ﾠof	 ﾠreceiving	 ﾠthe	 ﾠdoctoral	 ﾠdegree.	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Table	 ﾠVIII	 ﾠ
	 ﾠ
Predicting	 ﾠannual	 ﾠoutput	 ﾠof	 ﾠAmerican	 ﾠmathematicians	 ﾠ
	 ﾠ
	 ﾠ American	 ﾠmathematicians	 ﾠ 	 ﾠ
	 ﾠ Most	 ﾠ
exposed	 ﾠ
Middle	 ﾠ50	 ﾠ
percent	 ﾠ
Least	 ﾠ
exposed	 ﾠ
All	 ﾠ
Americans	 ﾠ
Soviet	 ﾠ
émigrés	 ﾠ
	 ﾠ
Total	 ﾠ
Number	 ﾠof	 ﾠpapers,	 ﾠ
short-ﾭ‐run	 ﾠprediction	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Actual	 ﾠ 4015.0	 ﾠ 3606.6	 ﾠ 1253.3	 ﾠ 8874.9	 ﾠ 370.6	 ﾠ 9245.5	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Predicted	 ﾠ 5062.0	 ﾠ 3519.2	 ﾠ 900.6	 ﾠ 9481.8	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ 9481.8	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Difference	 ﾠ -ﾭ‐1047.0	 ﾠ 87.4	 ﾠ 352.7	 ﾠ -ﾭ‐606.9	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ -ﾭ‐235.9	 ﾠ
	 ﾠ (121.2)	 ﾠ (126.5)	 ﾠ (72.1)	 ﾠ (189.5)	 ﾠ 	 ﾠ (189.5)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Long-ﾭ‐run	 ﾠprediction:	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Number	 ﾠof	 ﾠpapers	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Actual	 ﾠ 3350.6	 ﾠ 3013.1	 ﾠ 1035.3	 ﾠ 7398.9	 ﾠ 432.5	 ﾠ 7831.4	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Predicted	 ﾠ 3879.9	 ﾠ 2910.3	 ﾠ 757.4	 ﾠ 7547.5	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ 7547.5	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Difference	 ﾠ -ﾭ‐529.3	 ﾠ 102.8	 ﾠ 277.9	 ﾠ -ﾭ‐148.6	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ 283.9	 ﾠ
	 ﾠ (76.3)	 ﾠ (119.0)	 ﾠ (88.0)	 ﾠ (166.5)	 ﾠ 	 ﾠ (166.5)	 ﾠ
Number	 ﾠof	 ﾠcitations	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Actual	 ﾠ 19355.5	 ﾠ 13372.8	 ﾠ 3939.2	 ﾠ 36667.5	 ﾠ 2944.8	 ﾠ 39612.3	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Predicted	 ﾠ 22088.5	 ﾠ 13191.7	 ﾠ 2914.3	 ﾠ 38194.5	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ 38194.5	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Difference	 ﾠ -ﾭ‐2733.0	 ﾠ 181.1	 ﾠ 1024.9	 ﾠ -ﾭ‐1527.0	 ﾠ -ﾭ‐-ﾭ‐-ﾭ‐	 ﾠ 1417.8	 ﾠ
	 ﾠ (1083.2)	 ﾠ (1693.2)	 ﾠ (1239.9)	 ﾠ (2361.7)	 ﾠ 	 ﾠ (2361.7)	 ﾠ
	 ﾠ
Notes:	 ﾠThe	 ﾠstandard	 ﾠerrors	 ﾠreported	 ﾠin	 ﾠparentheses	 ﾠgive	 ﾠthe	 ﾠforecast	 ﾠerror	 ﾠof	 ﾠthe	 ﾠpredicted	 ﾠnumber	 ﾠof	 ﾠpapers	 ﾠ
or	 ﾠcitations,	 ﾠadjusted	 ﾠfor	 ﾠthe	 ﾠcorrelation	 ﾠacross	 ﾠobservations	 ﾠfor	 ﾠthe	 ﾠsame	 ﾠindividual.	 ﾠThe	 ﾠsample	 ﾠconsists	 ﾠof	 ﾠ
persons	 ﾠwho	 ﾠwere	 ﾠalways	 ﾠaffiliated	 ﾠwith	 ﾠan	 ﾠAmerican	 ﾠinstitution	 ﾠprior	 ﾠto	 ﾠ1990.	 ﾠThe	 ﾠpredicted	 ﾠnumber	 ﾠof	 ﾠ
papers	 ﾠin	 ﾠthe	 ﾠshort	 ﾠrun	 ﾠis	 ﾠbased	 ﾠon	 ﾠa	 ﾠregression	 ﾠestimated	 ﾠseparately	 ﾠin	 ﾠeach	 ﾠof	 ﾠthe	 ﾠthree	 ﾠsamples	 ﾠof	 ﾠ
mathematicians	 ﾠranked	 ﾠaccording	 ﾠto	 ﾠtheir	 ﾠplacement	 ﾠin	 ﾠthe	 ﾠdistribution	 ﾠof	 ﾠthe	 ﾠcoefficient	 ﾠof	 ﾠsimilarity.	 ﾠThe	 ﾠ
unit	 ﾠof	 ﾠobservation	 ﾠis	 ﾠan	 ﾠauthor-ﾭ‐year;	 ﾠthe	 ﾠregression	 ﾠuses	 ﾠobservations	 ﾠbetween	 ﾠ1970	 ﾠand	 ﾠ1991;	 ﾠand	 ﾠthe	 ﾠ
regressors	 ﾠinclude	 ﾠa	 ﾠquartic	 ﾠin	 ﾠexperience	 ﾠand	 ﾠindividual	 ﾠfixed	 ﾠeffects.	 ﾠWe	 ﾠthen	 ﾠuse	 ﾠthis	 ﾠregression	 ﾠto	 ﾠpredict	 ﾠ
each	 ﾠmathematician’s	 ﾠoutput	 ﾠin	 ﾠeach	 ﾠyear	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ1999,	 ﾠand	 ﾠthe	 ﾠtable	 ﾠreports	 ﾠthe	 ﾠsum	 ﾠof	 ﾠthese	 ﾠ
predictions.	 ﾠThe	 ﾠlong-ﾭ‐run	 ﾠpredictions	 ﾠare	 ﾠbased	 ﾠon	 ﾠthe	 ﾠspecification	 ﾠestimated	 ﾠover	 ﾠthe	 ﾠentire	 ﾠsample	 ﾠperiod	 ﾠ
1978-ﾭ‐2008	 ﾠand	 ﾠreported	 ﾠin	 ﾠPanel	 ﾠA	 ﾠof	 ﾠTable	 ﾠ3	 ﾠ(using	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity).	 ﾠThis	 ﾠregression	 ﾠis	 ﾠthen	 ﾠused	 ﾠto	 ﾠ
predict	 ﾠa	 ﾠmathematician’s	 ﾠoutput	 ﾠin	 ﾠeach	 ﾠyear	 ﾠbetween	 ﾠ1992	 ﾠand	 ﾠ2008	 ﾠassuming	 ﾠthat	 ﾠno	 ﾠSoviet	 ﾠinflux	 ﾠ
occurred	 ﾠ(so	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠplays	 ﾠno	 ﾠdifferential	 ﾠrole	 ﾠbefore	 ﾠand	 ﾠafter	 ﾠ1992).	 ﾠThe	 ﾠpredictions	 ﾠare	 ﾠthen	 ﾠ
summed	 ﾠwithin	 ﾠeach	 ﾠof	 ﾠthe	 ﾠthree	 ﾠexposure	 ﾠgroups.	 ﾠThe	 ﾠcounts	 ﾠof	 ﾠpapers	 ﾠand	 ﾠcitations	 ﾠof	 ﾠSoviet	 ﾠémigrés	 ﾠonly	 ﾠ
include	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠpapers	 ﾠpublished	 ﾠand	 ﾠcitations	 ﾠreceived	 ﾠwhile	 ﾠthe	 ﾠémigré	 ﾠwas	 ﾠaffiliated	 ﾠan	 ﾠAmerican	 ﾠ
institution.	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Table	 ﾠIX	 ﾠ
	 ﾠ
The	 ﾠdiaspora	 ﾠof	 ﾠSoviet	 ﾠmathematicians	 ﾠafter	 ﾠthe	 ﾠcollapse	 ﾠof	 ﾠthe	 ﾠSoviet	 ﾠUnion	 ﾠ
	 ﾠ
Country:	 ﾠ
First-ﾭ‐stage	 ﾠ
coefficient	 ﾠ
Number	 ﾠof	 ﾠ
mathematicians	 ﾠ
Number	 ﾠof	 ﾠ
émigrés	 ﾠ
Immigrant	 ﾠ
share	 ﾠ(%)	 ﾠ
Quality-ﾭ‐
adjusted	 ﾠ
share	 ﾠ(%)	 ﾠ
Connectivity	 ﾠ
index	 ﾠ
United	 ﾠStates	 ﾠ -ﾭ‐1.452**	 ﾠ 22449	 ﾠ 336	 ﾠ 1.50	 ﾠ 2.65	 ﾠ 0.199	 ﾠ
China	 ﾠ 0.853*	 ﾠ 6563	 ﾠ 0	 ﾠ 0.00	 ﾠ 0.00	 ﾠ 0.129	 ﾠ
Germany	 ﾠ -ﾭ‐0.462	 ﾠ 6223	 ﾠ 66	 ﾠ 1.06	 ﾠ 1.68	 ﾠ 0.131	 ﾠ
Japan	 ﾠ 0.190	 ﾠ 4848	 ﾠ 7	 ﾠ 0.14	 ﾠ 0.47	 ﾠ 0.126	 ﾠ
France	 ﾠ -ﾭ‐0.915**	 ﾠ 4114	 ﾠ 72	 ﾠ 1.75	 ﾠ 3.05	 ﾠ 0.129	 ﾠ
United	 ﾠKingdom	 ﾠ -ﾭ‐0.982**	 ﾠ 3804	 ﾠ 78	 ﾠ 2.05	 ﾠ 2.82	 ﾠ 0.126	 ﾠ
Italy	 ﾠ -ﾭ‐0.577**	 ﾠ 3364	 ﾠ 12	 ﾠ 0.36	 ﾠ 2.19	 ﾠ 0.123	 ﾠ
Canada	 ﾠ -ﾭ‐1.040**	 ﾠ 3155	 ﾠ 36	 ﾠ 1.14	 ﾠ 1.27	 ﾠ 0.166	 ﾠ
India	 ﾠ -ﾭ‐1.299**	 ﾠ 3098	 ﾠ 8	 ﾠ 0.26	 ﾠ 0.48	 ﾠ 0.129	 ﾠ
Poland	 ﾠ -ﾭ‐0.530*	 ﾠ 2310	 ﾠ 33	 ﾠ 1.43	 ﾠ 1.56	 ﾠ 0.106	 ﾠ
Spain	 ﾠ 1.902**	 ﾠ 1614	 ﾠ 7	 ﾠ 0.43	 ﾠ 0.20	 ﾠ 0.133	 ﾠ
Netherlands	 ﾠ -ﾭ‐1.748**	 ﾠ 1374	 ﾠ 7	 ﾠ 0.51	 ﾠ 0.06	 ﾠ 0.143	 ﾠ
Australia	 ﾠ 0.459	 ﾠ 1178	 ﾠ 22	 ﾠ 1.87	 ﾠ 1.64	 ﾠ 0.139	 ﾠ
Israel	 ﾠ -ﾭ‐0.803	 ﾠ 1014	 ﾠ 122	 ﾠ 12.03	 ﾠ 10.33	 ﾠ 0.169	 ﾠ
Romania	 ﾠ -ﾭ‐0.177	 ﾠ 1012	 ﾠ 3	 ﾠ 0.30	 ﾠ 0.39	 ﾠ 0.103	 ﾠ
Czechoslovakia	 ﾠ -ﾭ‐0.435	 ﾠ 933	 ﾠ 4	 ﾠ
16	 ﾠ
0.43	 ﾠ 3.09	 ﾠ 0.094	 ﾠ
Brazil	 ﾠ 0.132	 ﾠ 822	 ﾠ 1.95	 ﾠ 1.52	 ﾠ 0.145	 ﾠ
Bulgaria	 ﾠ -ﾭ‐0.108	 ﾠ 808	 ﾠ 4	 ﾠ 0.50	 ﾠ 0.16	 ﾠ 0.133	 ﾠ
Switzerland	 ﾠ -ﾭ‐0.942*	 ﾠ 661	 ﾠ 4	 ﾠ 0.61	 ﾠ 0.10	 ﾠ 0.130	 ﾠ
Belgium	 ﾠ -ﾭ‐1.401*	 ﾠ 655	 ﾠ 19	 ﾠ 2.90	 ﾠ 1.22	 ﾠ 0.091	 ﾠ
Hungary	 ﾠ -ﾭ‐2.954**	 ﾠ 654	 ﾠ 5	 ﾠ 0.76	 ﾠ 0.53	 ﾠ 0.117	 ﾠ
Taiwan	 ﾠ -ﾭ‐2.043	 ﾠ 590	 ﾠ 1	 ﾠ 0.17	 ﾠ 1.71	 ﾠ 0.155	 ﾠ
Yugoslavia	 ﾠ -ﾭ‐0.612	 ﾠ 543	 ﾠ 2	 ﾠ 0.37	 ﾠ 0.00	 ﾠ 0.119	 ﾠ
Greece	 ﾠ -ﾭ‐1.540	 ﾠ 539	 ﾠ 1	 ﾠ 0.19	 ﾠ 0.25	 ﾠ 0.141	 ﾠ
Austria	 ﾠ -ﾭ‐0.387	 ﾠ 520	 ﾠ 5	 ﾠ 0.96	 ﾠ 0.23	 ﾠ 0.128	 ﾠ
Sweden	 ﾠ -ﾭ‐1.497**	 ﾠ 513	 ﾠ 26	 ﾠ 5.07	 ﾠ 16.61	 ﾠ 0.135	 ﾠ
	 ﾠ
Notes:	 ﾠAn	 ﾠ“active”	 ﾠmathematician	 ﾠpublished	 ﾠat	 ﾠleast	 ﾠone	 ﾠpaper	 ﾠin	 ﾠthe	 ﾠperiod	 ﾠbetween	 ﾠ1984	 ﾠand	 ﾠ1989.	 ﾠThe	 ﾠ
active	 ﾠmathematicians	 ﾠare	 ﾠthen	 ﾠallocated	 ﾠto	 ﾠthe	 ﾠcountry	 ﾠof	 ﾠtheir	 ﾠmodal	 ﾠaffiliation	 ﾠduring	 ﾠthis	 ﾠperiod.	 ﾠThe	 ﾠfirst-ﾭ‐
stage	 ﾠcoefficient	 ﾠis	 ﾠthe	 ﾠcoefficient	 ﾠof	 ﾠthe	 ﾠinteraction	 ﾠbetween	 ﾠthe	 ﾠindex	 ﾠof	 ﾠsimilarity	 ﾠand	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠdummy	 ﾠ
variable,	 ﾠestimated	 ﾠseparately	 ﾠin	 ﾠeach	 ﾠcountry;	 ﾠan	 ﾠ“*”	 ﾠindicates	 ﾠthat	 ﾠthe	 ﾠcoefficient	 ﾠis	 ﾠbetween	 ﾠ1.50	 ﾠand	 ﾠ1.99	 ﾠ
times	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠclustered	 ﾠstandard	 ﾠerror,	 ﾠand	 ﾠ“**”	 ﾠindicates	 ﾠthat	 ﾠit	 ﾠis	 ﾠat	 ﾠleast	 ﾠtwice	 ﾠthe	 ﾠsize	 ﾠof	 ﾠthe	 ﾠ
standard	 ﾠerror.	 ﾠThe	 ﾠdestination	 ﾠcountry	 ﾠfor	 ﾠthe	 ﾠSoviet	 ﾠémigrés	 ﾠis	 ﾠthe	 ﾠmodal	 ﾠcountry	 ﾠof	 ﾠaffiliation	 ﾠbetween	 ﾠ
1992	 ﾠand	 ﾠ2008.	 ﾠThe	 ﾠ“immigrant	 ﾠshare”	 ﾠis	 ﾠthe	 ﾠratio	 ﾠof	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠémigrés	 ﾠin	 ﾠeach	 ﾠcountry	 ﾠto	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠ
active	 ﾠmathematicians.	 ﾠThe	 ﾠ“quality-ﾭ‐adjusted	 ﾠshare”	 ﾠis	 ﾠthe	 ﾠratio	 ﾠof	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠreceived	 ﾠby	 ﾠ
the	 ﾠémigrés	 ﾠin	 ﾠ1984-ﾭ‐1989	 ﾠto	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠcitations	 ﾠproduced	 ﾠby	 ﾠthe	 ﾠcountry’s	 ﾠmathematicians	 ﾠin	 ﾠthat	 ﾠ
period.	 ﾠThe	 ﾠconnectivity	 ﾠindex	 ﾠmeasures	 ﾠthe	 ﾠpublication	 ﾠlink	 ﾠbetween	 ﾠmathematicians	 ﾠin	 ﾠa	 ﾠparticular	 ﾠcountry	 ﾠ
and	 ﾠother	 ﾠcountries;	 ﾠsee	 ﾠthe	 ﾠtext	 ﾠfor	 ﾠa	 ﾠdefinition.	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Table	 ﾠX	 ﾠ
	 ﾠ
Determinants	 ﾠof	 ﾠinternational	 ﾠdifferences	 ﾠin	 ﾠimpact	 ﾠof	 ﾠSoviet	 ﾠsupply	 ﾠshock	 ﾠ
	 ﾠ
	 ﾠ Measure	 ﾠof	 ﾠoverlap	 ﾠindex	 ﾠused	 ﾠin	 ﾠfirst-ﾭ‐stage	 ﾠregression	 ﾠ
Sample/Variables:	 ﾠ Correlation	 ﾠcoefficient	 ﾠ Index	 ﾠof	 ﾠintensity	 ﾠ Index	 ﾠof	 ﾠsimilarity	 ﾠ
Ten	 ﾠlargest	 ﾠcountries:	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Immigrant	 ﾠshare	 ﾠ(%)	 ﾠ	 ﾠ -ﾭ‐0.076	 ﾠ -ﾭ‐0.041	 ﾠ -ﾭ‐0.382	 ﾠ
	 ﾠ (0.029)	 ﾠ (0.022)	 ﾠ (0.130)	 ﾠ
Connectivity	 ﾠindex	 ﾠ -ﾭ‐2.431	 ﾠ -ﾭ‐1.812	 ﾠ -ﾭ‐8.259	 ﾠ
	 ﾠ (0.633)	 ﾠ (0.537)	 ﾠ (10.188)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
R2	 ﾠ 0.806	 ﾠ 0.744	 ﾠ 0.814	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
All	 ﾠ26	 ﾠcountries:	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
Immigrant	 ﾠshare	 ﾠ(%)	 ﾠ	 ﾠ -ﾭ‐0.013	 ﾠ -ﾭ‐0.009	 ﾠ -ﾭ‐0.062	 ﾠ
	 ﾠ (0.007)	 ﾠ (0.005)	 ﾠ (0.037)	 ﾠ
Connectivity	 ﾠindex	 ﾠ -ﾭ‐2.609	 ﾠ -ﾭ‐1.620	 ﾠ -ﾭ‐10.553	 ﾠ
	 ﾠ (0.603)	 ﾠ (0.517)	 ﾠ (10.672)	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
R2	 ﾠ 0.230	 ﾠ 0.167	 ﾠ 0.374	 ﾠ
	 ﾠ
Notes:	 ﾠRobust	 ﾠstandard	 ﾠerrors	 ﾠin	 ﾠparentheses.	 ﾠThe	 ﾠdependent	 ﾠvariable	 ﾠis	 ﾠthe	 ﾠcoefficient	 ﾠof	 ﾠthe	 ﾠinteraction	 ﾠ
between	 ﾠthe	 ﾠindex	 ﾠof	 ﾠoverlap	 ﾠand	 ﾠthe	 ﾠpost-ﾭ‐1992	 ﾠdummy	 ﾠvariable	 ﾠfrom	 ﾠthe	 ﾠfirst-ﾭ‐stage	 ﾠregression	 ﾠestimated	 ﾠ
separately	 ﾠin	 ﾠeach	 ﾠcountry.	 ﾠThe	 ﾠregressions	 ﾠin	 ﾠthe	 ﾠtop	 ﾠpanel	 ﾠuse	 ﾠthe	 ﾠsample	 ﾠof	 ﾠ10	 ﾠcountries	 ﾠwhere	 ﾠthere	 ﾠare	 ﾠat	 ﾠ
least	 ﾠ2,000	 ﾠactive	 ﾠmathematicians,	 ﾠwhile	 ﾠthe	 ﾠregressions	 ﾠin	 ﾠthe	 ﾠbottom	 ﾠpanel	 ﾠuse	 ﾠthe	 ﾠ26	 ﾠcountries	 ﾠwith	 ﾠat	 ﾠ
least	 ﾠ500	 ﾠactive	 ﾠmathematicians.	 ﾠThe	 ﾠregressions	 ﾠare	 ﾠweighted	 ﾠby	 ﾠthe	 ﾠinverse	 ﾠof	 ﾠthe	 ﾠsampling	 ﾠvariance	 ﾠof	 ﾠthe	 ﾠ
dependent	 ﾠvariable.	 ﾠThe	 ﾠ“immigrant	 ﾠshare”	 ﾠis	 ﾠquality-ﾭ‐adjusted,	 ﾠgiving	 ﾠthe	 ﾠratio	 ﾠof	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠAMS	 ﾠ
citations	 ﾠreceived	 ﾠin	 ﾠ1984-ﾭ‐1989	 ﾠby	 ﾠSoviet	 ﾠémigrés	 ﾠwho	 ﾠeventually	 ﾠmoved	 ﾠto	 ﾠcountry	 ﾠi	 ﾠto	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠ
citations	 ﾠreceived	 ﾠby	 ﾠmathematicians	 ﾠin	 ﾠcountry	 ﾠi	 ﾠover	 ﾠthe	 ﾠsame	 ﾠperiod.	 ﾠThe	 ﾠconnectivity	 ﾠindex	 ﾠmeasures	 ﾠthe	 ﾠ
publication	 ﾠlink	 ﾠbetween	 ﾠmathematicians	 ﾠin	 ﾠa	 ﾠparticular	 ﾠcountry	 ﾠand	 ﾠother	 ﾠcountries;	 ﾠsee	 ﾠthe	 ﾠtext	 ﾠfor	 ﾠa	 ﾠ
definition.	 ﾠ
	 ﾠ
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 ﾠ
	 ﾠ